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PART  III.  — continued. 

RE  S U LT  S — continued. 

§ 62.  The  constant  state  of  normal  ancesthesia. — A 
constant  CHCl3-air  atmosphere  is  necessarily 
associated  with  a constant  physiological  effect. 
If  the  condition  of  the  part  upon  which  CHC13 
acts  physiologically  remains  constant,  the  results 
of  its  action  in  course  will  continue  constant. 

But  it  is  characteristic  of  living  tissues  that 
they  are  sensitive  to  changes  in  their  nutritional 
surroundings.  CHC13  or  its  products  is  circu- 
lating in  the  blood.  The  condition  of  the  blood 
is  consequently  rendered  abnormal.  A tendency 
to  inconstancy  is  introduced  which  will  mani- 
fest itself  in  favourable  circumstances.  These 
are — 1,  the  excessive  action  of  CHC13,  which 
produces  a greater  degree  of  disturbance  in  the 
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blood  than  the  normal ; 2,  the  initial  abnormal 
condition  of  the  tissues  (including  the  blood) 
which  consequently  oppose  less  than  the  normal 
degree  of  resistance  against  alteration  in  their 
nutritional  surroundings;  and  3,  the  length  of 
time  over  which  the  abnormal  tendency  operates. 

All  living  tissues  possess  certain  powers  of 
resistance  against  changes  in  the  conditions 
affecting  their  nutrition.  Normal  tissues  have, 
a fortiori,  greater  powers  than  abnormal  ones. 
And  some  amongst  them  are  more  susceptible 
to  particular  kinds  of  nutritional  changes  than 
others — e.g.,  the  cerebral  and  muscular  tissues 
to  diminishment  of  oxygen.  The  classical 
example  of  the  constant  succession  of  drops 
of  water  upon  the  hardest  rock,  shows  that 
a cause  in  operation,  however  small  its  degree 
of  action  may  be,  is  necessarily  followed  by 
the  corresponding  degree  of  its  effect,  though 
it  may  take  a very  long  time  before  it  is 
manifested  to  our  sense-organs  by  results.  So 
in  the  case  of  living  tissues,  a slight  degree  of 
abnormal  nutritional  change,  if  continued  long 
enough,  will  be  followed  by  a degree  of  its 
consequence  which  is  capable  of  being  ob- 
served— e.g.,  the  sensitiveness  of  muscular  tissue 
to  stimulation  will  become  diminished,  though 
a considerable  interval  may  elapse  before  the 
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impairment  of  its  function,  which  is  synony- 
mous with  its  abnormal  nutrition,  is  perceived. 

Now,  this  factor — viz.,  abnormal  nutrition — 
is  of  the  first  importance  in  the  investigation 
of  the  physiological  action  of  CHC13. 

A constant  CHCl3-air  atmosphere  is,  after 
an  interval,  associated  with  differences  in  the 
results  accompanying  it  which  do  not  remain 
constant,  but  tend  to  increase  in  degree. 
What  is  the  explanation  of  the  “ difference  ” 
in  results?  To  avoid  the  error  of  mistaking 
result  for  effect,  it  is  necessary  to  analyse 
the  former  into  its  components.  These  are, 
i,  the  effect  of  the  agent ; and,  2,  the  influence 
of  the  part  upon  which  it  acts.  In  the  case 
of  nerve  - centres,  when  they  are  the  seat  of 
action,  the  initial  variations  which  they  present 
are  so  slight  in  ordinary  healthy  individuals 
that  they  exert  but  little,  if  any,  influence  on 
the  result.  In  these  circumstances  it  would, 
practically,  be  synonymous  with  the  effect  of 
the  agent.  But  in  the  case  of  the  blood  the 
initial  variations  are  very  considerable,  both  in 
respect  of  its  quantity  and  quality.  Its  power, 
therefore,  of  resisting  the  adverse  influence  of 
agents  which  directly  affect  it  will  present 
different  degrees ; and  the  actual  degree  of 
its  resisting-power  thus  becomes  one  of  the 
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determinants  of  the  actual  result,  the  other 
being  the  degree  of  action  of  the  agent. 

The  altered  condition  of  the  blood,  induced 
by  the  constant  action  of  the  same  amount 
of  standard  CHC13,  or  the  products  of  its 
decomposition,  might  be  assumed  to  remain 
constant,  on  the  ground  that  it  does  not  ap- 
preciably interfere  with  the  function  of  nutrition 
(apart  from  the  supply  of  oxygen,  which  is 
diminished  by  the  displacement  of  air  in  the 
administration  of  CHC13)  during  the  interval 
over  which  the  experiment  extends.  The  blood, 
however,  is  the  source  from  which  all  the 
tissues, — and  amongst  them,  the  cerebral  centres 
and  the  muscles,  — derive  their  nourishment. 
Now,  it  is  peculiar  to  living  tissues,  that  if 
their  nutrition  is  reduced  to  a given  degree 
below  the  normal,  and  maintained  at  that 
degree,  their  vitality  or  power  of  resistance 
tends  gradually  to  diminish.  This  will  be 
obvious  from  the  following  considerations.  The 
abnormal  condition  of  the  blood  leads  to  impair- 
ment of  the  nutrition  of  normal  tissues.  The 
condition  of  these  tissues  will  consequently 
become  abnormal.  If,  then,  abnormal  blood 
continues  to  supply  tissues  which  are  in  an 
abnormal  condition  through  its  agency,  the 
degree  of  abnormality  induced  in  them  must 
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increase.  Thus  the  abnormal  condition  of  the 
blood  remains  constant,  but  the  degree  of 
abnormality  induced  in  the  tissues  tends  to 
increase. 

If  the  degree  of  CHC13- action  is  initially 
anaesthetic,  and  is  continued  beyond  the  period 
for  which  it  is  relatively  anaesthetic,  it  will 
become  associated  with  the  phenomena  of 
narcosis.  But  the  state  of  anaesthesia  will  be 
recovered  by  reducing,  to  its  relatively  proper 
proportion,  the  amount  of  CHC13.  Some  part, 
therefore,  directly  or  indirectly  affected  by 
CHC13,  undergoes  a variation  of  its  condition 
during  its  action.  For  the  same  amount  of 
CHC13  has  the  same  degree  of  effect,  and  as 
a variation  of  result  appears,  its  origin  can 
only  be  in  that  part  which  opposes  less  resist- 
ance to  the  effect  of  CHC13.  To  the  data 
which  are  concerned  in  the  solution  of  the 
CHCl3-problem,  we  have  to  add  (io)  the  law 
of  diminishing  resistance.  The  part  which 
presents  this  change  of  attitude  to  CHC13  is 
either  the  blood  or  the  cerebral  centres.  In 
the  case  of  the  latter,  the  problem  is  rendered 
more  intricate  by  the  fact  that  variation  of 
their  condition  may  conceivably  be  due,  not 
to  the  direct  but  indirect  action  of  CHC13. 
For  there  is  no  proof  that  CHC13  acts  di- 
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rectly  on  the  centres  of  consciousness.  It  may 
be  assumed  to  do  so  for  the  purpose  of  argu- 
ment. But  if  it  affects  those  centres  indirectly, 
and  its  result  is  maintained  at  the  same  degree 
of  intensity,  then  the  secondary  phenomena — 
viz.,  respiration  and  pulse  - frequencies  and 
muscle-relaxation — should  all  continue  constant. 
The  fact,  however,  is  that  they  tend  to  vary. 
The  assumption,  therefore,  will  have  to  explain 
how  it  is  that,  while  the  primary  result  remains 
constant — i.e.,  the  induced  abnormal  condition 
of  the  cerebral  centres  — the  indirect  results 
undergo  variation — i.e.,  the  frequencies  of  the 
pulse  and  respiration  tend  to  increase,  and 
muscle-tone  to  diminish. 

§ 63.  Factors  affecting  conditions  of  pulse  and 
respiration. — The  initial  frequency,  both  of  the 
pulse  and  respiration,  is  very  often  rendered 
abnormal  through  emotion.  In  the  course  of 
the  induction  of  anaesthesia,  those  abnormalities 
tend  to  disappear.  But  they  do  not  completely 
disappear  at  the  onset  of  automatic  respiration 
and  the  appearance  of  the  contracted  pupil. 
An  appreciable  interval,  circ.  2',  elapses  before 
they  return  to  their  natural  condition.  Here 
we  have  another  example  of  the  indirect  results 
of  the  cerebral  centres  continuing  after  their 
functions  have  been  suspended.  The  frequency 
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of  the  pulse  and  respiration  should  thus  be 
taken  5'  after  the  onset  of  anaesthesia,  when 
the  conditions  are  (relatively)  stable  and  free 
from  the  consequences  of  possible  collateral 
disturbance.  They  are  then  referred  to  a 
standard  which  varies  in  each  individual  and 
is  his  natural  pulse,  ascertained  in  the  course 
of  the  week  before  the  administration.  The 
knowledge  of  the  course  of  the  pulse  during 
induction,  in  the  case  of  initial  normal  hearts, 
will  lead  to  the  avoidance  of  erroneous  inference, 
if  CHCI3  be  administered  to  those  who  suffer 
from  weak  hearts.  Because  the  strength  of 
the  pulse  increases  and  its  frequency  diminishes 
during  the  induction  of  anaesthesia,  the  inference 
might  be  drawn  that  CHC13  strengthens  the 
cardiac  action.  But  what  in  reality  takes  place 
is  this:  the  action  of  CHC13,  by  suspending 
the  functions  of  the  mind,  will  remove  the 
source  of  disturbance  to  the  pulse.  Conse- 
quently, in  the  course  of  its  methodic  adminis- 
tration, the  latter  will  return  to  its  natural 
conditions.  But  these  may  have  been  masked 
by  the  effect  of  nervousness  which  is  habitual, 
and  on  that  account  overlooked.  The  CHC13- 
pulse  is,  under  these  circumstances,  referred  to 
a false  standard — viz.,  the  natural  pulse  affected 
by  the  abnormal  condition  of  nervousness.  Thus 
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the  fact  that  the  pulse  becomes  stronger  is  not 
a proof  that  CHC13  strengthens  the  heart,  but 
it  is  evidence  in  favour  of  the  origin  of  the  initial 
abnormal  cardiac  action  being  in  the  centre  of 
emotion. 

The  pulse  and  the  frequency  of  respiration 
are  not  constant  during  the  whole  period  of 
anaesthesia.  But  there  is  a tendency  to  their 
constancy  in  its  different  stages.  Records  of 
the  frequency  of  the  pulse  and  respiration,  if 
they  are  to  possess  any  value,  are  therefore  to 
be  referred  to  the  “ time  ” at  which  they  are 
taken.  For  example,  one  thousand  observa- 
tions of  the  pulse  and  respiration  were  made 
at  the  end  of  30'  in  the  course  of  normal 
anaesthesia  in  normal  subjects,  and  the  results 
recorded.  The  average  pulse  and  average  res- 
piration were  then  assumed  to  be  the  normal 
pulse  and  normal  respiration  in  CHCl3-anaes- 
thesia : but  erroneously.  The  mistake  was 
afterwards  rectified  by  recording  the  pulse  and 
respiration  at  the  end  of  every  5'  in  a second 
series  of  observations.  It  then  became  evident 
that  the  average  pulse  and  respiration  differed 
at  different  periods,  and  that  the  difference 
consisted  in  a tendency  to  their  acceleration. 
This  tendency  explains  partially  the  discrep- 
ancies which  exist  with  regard  to  the  frequency 
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of  the  respiration  and  pulse  during  CH en- 
action. For  it  is  impossible  to  obtain  uniform 
results  unless  all  the  data  concerned  in  their 
production  are  alike. 

§ 64.  Stability  of  the  state  of  unconsciousness. — 
Automatic  respiration  is  the  fundamental  sign 
of  suspension  of  the  mental  functions.  But 
there  are  different  kinds  of  unconsciousness — 
e.g.y  simple  CHCl3-unconsciousness  and  mixed 
unconsciousness  deriving  from  the  +C02- factor 
co-operating  with  different  degrees  of  CHC13- 
action.  There  are  also  different  degrees  of  the 
same  kind — e.g.,  CHC13- anaesthesia  and  CHC13- 
narcosis.  Now,  it  may  happen  that  the  applica- 
tion of  a sensory  stimulus  immediately  after  the 
onset  of  automatic  respiration  is  followed  by 
partial  return  to  consciousness,  as  indicated 
by  expiratory  moan  or  voluntary  movement, 
or  both.  They  will  be  due  to  the  instability  of 
the  abnormal  condition  of  the  cerebral  centres. 
Sensory  stimulation  is  associated  with  increase 
of  inspiratory  activity.  Consequently  a rela- 
tively large  proportion  of  air  is  absorbed,  result- 
ing in  a rapid  change  in  the  constitution  of  the 
blood.  This  is  obvious  in  the  displacement  of 
duskiness  by  the  natural  colour  of  the  complex- 
ion in  those  instances  in  which  the  casual  factor 
of  the  instability  is  mechanical  obstruction. 
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In  normal  anaesthesia — automatic  respiration, 
normal  colour  of  the  blood  and  the  contracted 
pupil — the  abnormal  condition  of  the  cerebral 
centres  is  unstable  at  its  onset — i.e.,  they  are 
sensitive  to  an  increase  in  the  proportion  of 
oxygen  in  the  blood  supplying  them.  This 
characteristic  tends  to  disappear  in  the  course 
of  anaesthesia,  so  that  at  the  end  of  15'  four 
inspirations  of  air  may  be  given  without  any 
manifestation  of  returning  consciousness.  In 
order  to  obtain  stability  of  these  centres,  the 
state  of  anaesthesia  should  be  maintained  for 
2!  before  the  surgical  operation  is  begun.  The 
argument  in  favour  of  deep  as  against  light 
unconsciousness  thus  falls  to  the  ground.  For 
there  will  be  no  necessity  for  CHC13- narcosis  if 
the  state  of  anaesthesia  can  be  associated  at  its 
onset  with  stability  of  the  abnormal  condition 
of  the  cerebral  centres. 

But  in  the  case  of  what  is  taken  to  be  deep 
unconsciousness — automatic  respiration,  duski- 
ness, contracted  or  dilated  pupils  — sensory 
stimulation  may  be  followed  by  manifestations 
of  returning  consciousness.  Hence  the  per- 
plexity that  will  arise  from  this  part  of  the 
investigation,  unless  differentiation  be  made 
between  the  various  kinds  of  unconsciousness 
that  are  possible  under  the  circumstances. 
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These  are — i,  + C02  as  the  chief  factor,  with 
an  insufficient  degree  of  CHCl3-action ; 2, 

+ C02  and  the  anaesthetic  degree  of  CHC13- 
action ; and  3,  +C02  and  a narcotic  degree  of 
CHCl3-action,  the  source  of  the  +C02  being, 
in  each  group,  some  degree  of  mechanical  ob- 
struction. It  is  in  the  first  group  that  the 
difficulty  is  encountered.  The  + C02- factor 
being  easily  removed  by  oxygen,  the  cerebral 
centres,  which  before  sensory  stimulation  are 
affected  by  two  agents,  producing  mixed  un- 
consciousness, will  be,  after  it,  influenced  by 
one  only,  and  that  a degree  of  CHCl3-action 
which  is  insufficient  to  continue  the  suspension 
of  their  functions. 

It  might  be  inferred  that  the  return  to 
consciousness  will  be  an  indication  for  the 
increase  of  the  proportion  of  CHC13  in  the 
CHCl3-air  atmosphere.  But  the  inference  is 
not  necessarily  universal.  It  can  only  be 
drawn  if  an  example  presents  a relatively 
efficient  state  of  the  respiratory  machine.  The 
state  of  the  respiratory  machine,  however,  may 
be  absolutely  abnormal,  and  get  associated  with 
partial  consciousness.  The  abnormality  is  repre- 
sented by  pulmonic  congestion,  induced  either  by 
some  fault  in  the  method  or  by  the  abnormal 
displacement  of  air,  necessitated  by  an  inferior 


12  THE  CHClg-PROBLEM. 

quality  of  the  CHC13  in  use.  In  such  a con- 
tingency it  will  be  obvious  that  the  contin- 
uance of  the  same  degree  of  CHC13- action  is 
contra-indicated  (and  its  discontinuance  may 
be  necessitated)  by  reason  of  the  unfavourable 
state  of  the  respiratory  machine,  which,  instead 
of  transmitting  it  to  the  neighbourhood  of  the 
alveoli,  tends  to  its  accumulation  in  the  middle 
and  upper  air-way. 

Some  phenomena  may  be  mistaken  to  be 
voluntary  that  are  in  reality  reflex,  and  the 
erroneous  inference  may  lead  to  the  continued 
administration  of  CHC13  where  it  should  be 
withdrawn,  in  order  to  the  avoidance  of  a 
respiratory  overdose.  During  stable  anaes- 
thesia, section  of  the  prepuce  is  sometimes 
followed  by,  i,  prolonged  inspiration,  accom- 
panied by  a crowing  noise ; and,  2,  movements 
of  the  lower  extremities ; and  dilatation  of  the 
sphincter  ani,  the  more  particularly  where  there 
is  fissure  or  ulcer,  is  also  occasionally  associated 
with  similar  phenomena.  When  they  occur  the 
pupil  remains  pin  - point  or  contracted,  thus 
proving  that  pain,  accompanying  an  assumed 
(temporary)  return  to  consciousness,  is  absent. 
The  fact,  however,  that  the  normal  state  is 
immediately  resumed  after  the  completion  of 
the  complication  is,  in  the  absence  of  a certain 
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contingency,  in  favour  of  the  continued  adminis- 
tration of  CHCI3  during  it.  The  phenomena, 
however,  possess  true  reflex  characters.  Thus, 
the  inspiration  is  unduly  prolonged,/  and  the 
noise  accompanying  it  is  explained  by  the 
displacement  of  the  base  of  the  tongue,  by 
the  increased  force  of  the  inspiratory  current, 
resulting  in  partial  closure  of  the  glottis.  ' And 
the  movements  of  the  lower  extremities  exactly 
resemble  those  that  follow  upon  the  application 
of  a powerful  stimulus  to  the  buttock  of  a 
decapitated  frog — i.e.,  the  knees  are  flexed  and 
drawn  towards  the  abdomen,  and  the  heels 
directed  towards  the  middle  line.  The  con- 
tingency consists  in  the  prolonged  inspiration 
being  accompanied  by  the  intake  of  a relative 
excess  of  CHC13- vapour  into  the  air-way — 
i.e.,  the  commencement  of  the  complication 
coincides  with  an  addition  of  the  maximum 
atmosphere  of  CHC13.  But  the  consequences 
of  a respiratory  overdose  will  be  avoided  by 
the  withdrawal  of  CHC13  during  the  abnormal 
inspiration,  and  by  artificially  replacing  the 
base  of  the  tongue  in  its  normal  position. 

§ 65.  The  influence  of  nutritional  interference. — 
In  the  constant  state  of  normal  anaesthesia, 
there  is  no  apparent  alteration  in  the  constitu- 
tion of  the  blood  that  can  be  deduced  from 
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variations  of  its  colour,  which  apparently  re- 
mains normal.  But  supposing  that  foreign 
substances  circulating  in  the  blood  exercise 
an  influence  on  nutrition,  the  amount  of  inter- 
ference induced  will,  under  the  circumstances 
before  us,  be  reduced  to  a minimum. 

That  nutritional  interference  plays  an  im- 
portant part  in  the  causation  of  CHC13- 
phenomena,  follows  from  the  fact  that  there 
is  no  evidence  of  any  (relatively)  permanent 
change  in  any  of  the  tissues  as  the  conse- 
quence of  its  action  upon  them.  Thus,  if  we 
take  the  cerebral  centres,  we  find  that  they 
are  extremely  sensitive  to  variations  in  the 
proportion  of  CHC13  affecting  the  blood.  A 
proportion  below  the  anaesthetic  will  immedi- 
ately be  followed  by  the  phenomena  character- 
istic of  the  commencement  of  the  return  to 
consciousness.  On  the  other  hand,  an  increase 
in  the  normal  proportion  will  immediately  be 
followed  by  the  signs  of  narcosis,  in  which 
state  the  increased  effect  upon  the  cerebral 
centres  is  demonstrated  by  a longer  interval 
separating  them  from  the  resumption  of  their 
functions  as  compared  with  that  in  the  case 
of  anaesthesia.  It  would  seem  that,  in  this 
respect,  CHC13- results  differ  from  those  of 
alkaloids,  which  appear  to  affect  a change  in 
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the  constitution  of  the  nerve  - centres  upon 
which  they  severally  act.  For  their  results — 
e.g.,  increased  frequency  of  cardiac  action  in 
belladonna  poisoning  and  unconsciousness  in 
opium  narcosis — continue  after  the  agent  which 
produces  them  ceases  to  operate — i.e.,  has  been 
destroyed.  Again,  the  recovery  of  the  normal 
functions  of  a centre,  after  having  been  affected 
by  a large  dose  of  an  alkaloid,  progresses  gradu- 
ally— e.g.,  it  required  eighteen  hours  in  the  case 
of  a young  girl  who  had  inadvertently  taken  a 
poisonous  dose  of  belladonna  lotion.  In  CHC13- 
narcosis — unconsciousness,  arrest  of  respiration 
— artificial  was  followed  by  spontaneous  respira- 
tion in  75",  and  the  complete  recovery  of  con- 
sciousness in  4'. 

In  the  lower  degrees  of  CHC13- narcosis,  the 
blood  is  more  or  less  dark — i.e.,  deoxygenated. 
In  so  far  as  oxygen  is  concerned,  it  provides 
a source  of  nutritional  interference  with  the 
cerebral  centres,  the  muscles,  and  the  mucous 
membrane  of  the  stomach.  But  impaired 
nutrition  leads  to  impaired  function,  and 
before  the  latter  can  become  normal  the 
various  tissues  must  recover  their  normal  con- 
ditions. But  there  is  an  intermediate  period 
between  the  abnormal  condition  of  the  tissues, 
resulting  from  prolonged  insufficient  supply  of 
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oxygen  to  them,  and  their  normal  condition, 
which  is  associated  with  efficient  oxygenation. 
During  this  period  functional  disturbance  will 
tend  to  be  manifested  by  headache,  lassitude, 
and  sickness.  In  order  to  prevent  these  results, 
their  common  cause — viz.,  the  deoxygenation 
of  the  blood — is  to  be  reduced  to  the  minimum 
degree  of  its  action.  This  will  be  effected  by 
limiting  the  degree  of  CHCl3-action  to  that  of 
anaesthesia,  the  ideal  end-object  of  the  adminis- 
tration of  CHC13. 

Haemorrhage  occurs  in  the  course  of  surgical 
operations  during  CHCl3-anaesthesia.  It  affects 
the  volume  of  blood  to  a larger  or  smaller  extent, 
and  becomes  a disturbing  factor  in  nutrition. 
It  is  therefore  essential  to  preserve  the  CHC13- 
problem  from  the  encroachment  which  may  be 
made  on  it  by  means  of  this  collateral  agent. 

Haemorrhage  may  be  either  gradual  or  rapid 
in  its  progress,  and  moderate  or  severe  in  its 
extent.  Surface  haemorrhage,  which  is  a 
negligible  quantity  in  the  normal,  becomes  in 
the  aged  and  the  anaemic  an  important  factor, 
requiring  the  accurate  adjustment  of  CHC13 
to  it.  The  reason  is  that  nutrition  in  these 
circumstances  is  not  normal  before  CHC13  is 
administered.  And,  consequently,  the  instability 
of  tissue -life  will  render  it  more  sensitive  to, 
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or  less  able  to  withstand,  additional  change 
in  their  nutritional  surroundings,  induced  by 
the  action  of  CHC13. 

Severe  bleeding  is  immediately  followed  by 
secondary  reduction  of  the  cardiac  function. 
The  proportion  of  CHC13  in  such  a contingency 
is  regulated  by  the  volume  of  blood  in  the  main 
circulation.  But  in  moderate  bleeding,  extend- 
ing over  a little  while,  and  arrested  after  the 
progressive  loss  has  reached  an  undue  degree, 
the  cardiac  action  will  not  be  immediately  re- 
duced. The  reduction  takes  place  at  a period 
subsequent  to  the  arrest  of  haemorrhage,  and 
is  the  natural  consequence  of  it.  The  propor- 
tion of  CHC13  in  these  circumstances  should 
not  be  regulated  by  the  actual  condition  of  the 
pulse,  for  the  reason  that  it  is  in  a state  of 
transition,  and  the  moment  when  it  will  reach 
its  lowest  degree  of  tension  is  unknown.  The 
ultimate  result  of  the  quantity  of  blood  lost 
is  therefore  to  be  anticipated,  and  the  actual 
proportion  of  CHC13  to  be  determined,  not  by 
what  the  pulse  is,  but  by  what  it  will  be.  By 
following  the  natural  course  of  events,  the 
variation  of  the  pulse  is  thus  causally  dis- 
sociated from  CHCl3-action  on  the  heart.  But 
suppose  the  proportion  of  CHC13  has  not  been 
reduced,  a simple  result  will  be  rendered  com- 
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plex  by  a relative  respiratory  overdose  ensuing 
upon  the  change  of  relationship  between  the 
CHCl3-air  atmosphere  and  the  altered  state  of 
the  respiratory  machine.  In  consequence,  both 
pulse  and  respiration  may  fail,  and  their  failure 
form  the  starting-point  of  erroneous  inference. 

Pallor  has  thus  for  one  of  its  ultimate  causes 
external  haemorrhage.  When  it  occurs  where 
the  tissues  are  in  a condition  of  initial  abnormal 
nutrition,  the  rational  use  of  stimulants  will  be 
associated  with  temporary  improvement  in  the 
condition  of  the  pulse.  But  because  this  mode 
of  treatment  is  successful  in  one  instance,  it  is 
not  to  be  inferred  either  that  it  is  necessary  or 
that  it  will  be  followed  by  the  like  favourable 
result  in  all  other  instances.  For  pallor  has 
more  than  one  ultimate  cause,  and  each  cause 
requires  particular  measures  to  counteract  its 
effect. 

Anaesthesia  may  be  induced  without  the  occur- 
rence of  any  change  of  colour  of  the  complexion. 
The  factors  necesary  for  its  normal  production 
are,  i,  absence  of  fault  in  the  normal  method; 
and,  2,  normal  conditions  of  the  subject.  Anaes- 
thesia may  also  be  maintained  during  surgical 
operation  without  any  change  in  the  colour  of 
the  complexion.  The  necessary  factors  are — i, 
absence  of  fault  in  normal  method;  2,  normal 
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conditions  of  the  subject ; and  3,  absence  of 
complication  arising  from  the  surgical  opera- 
tion— viz.,  bleeding  and  sympathetic  nerve  dis- 
turbance. The  occurrence  of  these  in  different 
degrees  will  determine  the  different  degrees  of 
the  severity  [or  want  of  what  has  been  called 
the  shock  of  the  operation.  The  origin  of  any 
simple  abnormality  is  thus  referred  to  the 
method  or  the  subject  of  the  operation.  But 
the  abnormality  may  be  complex.  When  it  is 
so,  it  will  be  essential  to  analyse  it  into  its 
components,  and  to  refer  each  component  to 
its  proper  cause. 

The  complex  causation  of  phenomena  tends  to 
make  the  investigation  of  their  origin  difficult. 
And  a further  source  of  difficulty  that  has  always 
to  be  taken  into  the  consideration  of  the  CHC13- 
problem,  arises  from  the  fact  that  different  sub- 
jects present  different  powers  of  resisting  the 
same  result  of  the  same  complication.  That 
is  to  say,  differentiation  is  to  be  made  between 
complications  occurring  in  normal  and  those 
occurring  in  abnormal  subjects.  The  analysis 
of  the  causes  of  complication  is  as  follows : — 

§ 66.  Fault  in  method. — I.  There  is  a less 
degree  than  the  anaesthetic  of  CHC13- action 
present,  as  determined  by  diminution  of  respir- 
atory frequency,  accompanied  by  alteration  in 
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the  character  of  the  breathing.  If  this  be  not 
counteracted  it  will  pass  into  the  second  stage 
of  returning  consciousness,  in  which  the  action 
of  the  respiratory  machine  is  irregular,  and  may 
be  attended  by  voluntary  movement  or  indirect 
stomach  phenomena,  the  pupil  remaining  con- 
tracted. Dilatation  of  the  pupil  characterises 
the  third  stage  in  the  return  to  consciousness, 
which  may  also  be  manifested  by  verbal 
expression. 

The  commencement  of  the  return  to  con- 
sciouness  is  determined  by,  i,  less  than  the 
normal  proportion  of  CHC13;  or,  2,  the  propor- 
tion being  normal,  the  undue  prolongation  of 
the  interval  between  its  successive  applications. 

The  former  of  these  factors  is  made  use  of 
towards  the  completion  of  the  surgical  opera- 
tion. For,  instead  of  maintaining  the  anaes- 
thetic degree  of  CHC13- action,  a reduction  of 
its  amount  is  made  in  order  to  permit  of 
the  earliest  possible  return  of  the  cerebral 
centres  to  their  normal  condition — i.e.,  in  the 
absence  of  any  contra-indication,  there  is  no 
rational  object  in  prolonging  nutritional  dis- 
turbance for  a longer  period  than  is  neces- 
sary. II.  A respiratory  overdose  is  induced, 
which  leads  to  pulmonic  congestion.  It  is 
characterised  by  reduced  range  of  respiratory 
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movements  and  duskiness.  It  may  be  due  either 
to  a temporary  increase  of  the  proportion  of 
CHC13,  or,  the  amount  of  CHC13  being  nor- 
mal, to  the  abnormal  action  of  the  respiratory 
machine,  or  to  mechanical  obstruction  in  the 
air -way.  III.  The  physiological  action  of 
CHClg  is  excessive — i.e.,  some  degree  of  nar- 
cosis is  present.  It  is  favoured  by  the  damp- 
ness of  the  lint  resulting  from  the  relatively 
short  intervals  between  the  successive  applica- 
tions of  the  CHClg-constituent  in  hot  weather. 
The  shortening  of  the  interval  is  necessitated 
by  the  loss  of  CHC13  through  evaporation. 
And  the  fault  tends  to  be  manifested  when  the 
proportion  of  CHC13  is  at  or  near  the  maximum 
— i.e.,  in  the  later  stages  of  the  induction  of 
unconsciousness  and  the  early  stages  of  its 
maintenance.  It  is  characterised  by  duskiness 
and  a sluggish  and  dilated  pupil. 

The  course  of  these  abnormal  phenomena  is 
rapid  or  slow,  according  to  the  greater  or 
less  degree  of  action  of  the  “ fault.”  And 
there  is  also  the  possibility  that  its  results 
may  be  affected  by  those  of  an  intervening 
complicatory  cause.  Thus,  a given  degree  of 
an  absolute  respiratory  overdose,  which  will 
produce  arrest  of  respiration  in  3',  may,  in 
combination  with  mechanical  obstruction,  cause 
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it  in  T.  Again,  owing  to  the  abnormally  large 
size  of  the  tongue,  complete  mechanical  ob- 
struction may  occur  towards  the  approach  of 
unconsciousness,  and  be  coincident  with  the 
end  of  expiration.  Under  these  circumstances 
respiratory  arrest  will  be  induced  suddenly. 
Observation,  therefore,  is  constantly  needed  in 
order  to  detect  the  beginning  of  abnormality. 
And  the  cause  (or  combination  of  causes)  being 
isolated,  rational  measures  can  at  once  be  put 
into  operation,  either  to  counteract  or  mitigate 
its  results,  before  these  have  reached  their 
highest  degree  of  intensity. 

§ 67.  Origin  of  complication  in  the  patient. — 
1,  Emotional  state ; 2,  volition ; 3,  displace- 
ment backwards  of  the  base  of  the  tongue ; 4, 
stomachic  disturbance ; and,  5,  primary  cardiac 
syncope. 

The  results  of  emotion  and  voluntary  inhibi- 
tion complicate  the  early  stages  of  the  period 
of  induction.  Mechanical  obstruction,  where 
the  conditions  are  favourable,  intervenes  in 
the  later  stages.  The  tendency  in  all  these 
complications  will  be  to  a respiratory  overdose, 
unless  the  CHC13- constituent  of  the  CHCl3-air 
atmosphere  be  adjusted  to  the  actual  require- 
ments of  the  intervening  abnormal  action  of 
the  respiratory  machine. 
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Mechanical  obstruction  is  one  of  the  con- 
comitants of  CHCI3- action.  In  normal  cases 
its  results  are  slight,  and  may  therefore  escape 
observation.  But  in  abnormal  cases  — i.e., 
where  there  is  a predisposing  condition,  such 
as  weakness  of  the  muscles  from  emaciation, 
large  tongue,  or  the  abnormal  shape  of  the 
lower  jaw,  they  are  intensified.  One  of  the 
results  of  mechanical  obstruction  is  deoxygena- 
tion of  the  blood,  an  abnormal  condition  which 
is  prejudicial  to  the  action  of  CHC13.  The 
degree  of  danger  attending  the  combination  of 
these  two  causal  factors  will  vary  according 
to  the  respective  degrees  of  their  action.  A 
comparatively  small  proportion  of  CHC13  may 
be  highly  dangerous  in  severe  degrees  of 
mechanical  obstruction,  while  a comparatively 
large  one,  in  slight  degrees  of  it,  will  not  be 
immediately  dangerous  to  life. 

Mechanical  obstruction  may  be  present  alone, 
or  in  combination  with  respiratory  overdose  or 
narcosis.  It  is  characterised  by  duskiness  and 
venous  distension.  But  the  condition  of  the 
pupil  is  not  affected  by  it,  except  during  the 
stage  of  respiratory  interruption,  when  dilata- 
tion rapidly  occurs.  Its  result  on  the  blood 
— viz.,  discoloration  — disappears  very  quickly 
after  the  removal  of  obstruction.  The  extreme 


24  THE  CHClg-PROBLEM. 

rapidity  with  which  the  normal  colour  of 
the  blood  is  restored,  is  the  means  of  differ- 
entiating simple  mechanical  obstruction  from 
respiratory  overdose  and  narcosis,  in  both 
which,  after  the  withdrawal  of  CHC13  and  the 
replacement  of  the  base  of  the  tongue,  a 
shorter  or  longer  interval  takes  place — shorter 
in  respiratory  overdose,  longer  in  narcosis — 
before  the  blood  becomes  normally  oxygenated. 
If  duskiness  continues  after  the  removal  of  the 
obstruction  produced  by  the  displaced  base  of 
the  tongue,  the  possibility  of  another  source  of 
mechanical  obstruction  has  to  be  taken  into  con- 
sideration. Thus,  in  surgical  operations  on  the 
chest,  blood  may  pass  through  the  air-way,  or 
an  escape  of  pus  take  place  into  it.  There 
will  be,  consequently,  a less  or  greater  degree 
of  obstruction,  according  to  the  less  or  greater 
amount  of  blood  (or  pus).  Duskiness  and 
venous  distension  will  not  be  materially  affected 
by  the  replacement  of  the  base  of  the  tongue 
in  its  normal  position,  if  it  be  displaced  back- 
wards. In  this  contingency  the  head  and 
shoulders  of  the  patient  are  to  be  lowered 
over  the  edge  of  the  table,  so  as  to  exchange 
the  horizontal  for  the  inclined  position  of  the 
respiratory  passage,  the  base  of  the  tongue 
being  maintained  in  its  normal  position.  The 
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change  of  position  allows  of  the  gravitation  of 
the  foreign  contents  of  the  air  - way  towards 
the  naso- pharynx.  It  will  be  obvious  that, 
gravity  being  the  only  means  whereby  their 
removal  can  be  effected,  there  should  be  no 
delay  in  applying  it.  And  it  will  also  be 
obvious  that  unless  the  glottis  is  patent — 
i.e.,  the  base  of  the  tongue  is  in  its  normal 
position — the  escape  of  the  respiratory  contents 
will  be  prevented.  But  the  inclined  position 
tends  to  the  backward  displacement  of  the 
base  of  the  tongue  in  all  states,  normal  and 
abnormal.  Thus  it  will  be  followed  by  the 
closure  of  the  glottis.  It  will  be  imperative, 
therefore,  to  counteract  this  tendency,  and  to 
counteract  it  efficiently.  For  the  rate  of  exit 
of  foreign  matter  is  determined  by  the  size 
of  the  glottis.  And  it  is  essential  to  get  rid 
of  the  source  of  obstruction  as  quickly  as 
possible.  At  the  same  time  the  size  of  the 
glottis  determines  the  amount  of  air  diffused 
into  the  alveoli  after  obstruction  is  removed, 
and  it  is  essential  that  this  should  be  as  large 
as  possible,  in  order  to  neutralise,  as  quickly 
as  possible,  the  results  of  temporary  interruption 
in  the  communication  between  the  external  air 
and  alveoli,  necessitated  by  the  passage  of  blood 
or  pus  through  the  trachea  and  larynx. 
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Mechanical  obstruction  also  occurs  as  the 
remote  result  of  complicatory  causes.  If  in 
these  circumstances  it  is  unrecognised,  or  else 
only  partially  relieved,  its  results  will  mask 
those  of  the  initial  complication.  The  com- 
plex state  thus  produced  has  been  taken  to 
be  the  starting-point  of  erroneous  inferences. 
For  example,  pulse-disappearance  may  be  the 
result  of  reduced  cardiac  action,  which  is  one 
of  the  results  of  the  original  complicatory  cause. 
Mechanical  obstruction  supervenes  and  impedes 
the  alveolar  circulation,  which  is  also  reduced 
by  the  reduced  action  of  the  heart.  The  two 
factors  — reduced  cardiac  action  and  alveolar 
obstruction  — have  no  relationship  to  CHC13- 
action ; but  if  cardiac  failure  subsequently 
occurs,  it  may  possibly  but  falsely  be  ascribed 
to  its  effect. 

It  will  be  essential,  therefore,  to  differentiate 
between  data  which  are  of  practical  importance 
and  those  which  are  concerned  in  the  construc- 
tion of  hypothesis.  For  if  pulse-failure  occur, 
and  the  following  inferences  be  drawn — i,  that 
it  is  the  consequence  of  cardiac  weakness ; and, 
2,  that  cardiac  weakness  is  the  direct  result  of 
CHClg-action, — the  notion,  if  entertained,;  that 
“muscle-relaxation”  is  primarily  concerned  in 
its  recovery,  is  not  likely  to  be  treated  with 
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that  regard  which  is  its  due,  because  treatment 
is  limited  to  stimulation  of  a depressed  heart. 
But  supposing  that  the  heart  is  weakened  by 
the  assumed  depressant  action  of  CHC13,  it  will 
follow,  from  the  fact  that  recovery  takes  place 
in  some  instances  of  its  occurrence,  that  cardiac 
weakness,  thus  induced,  varies  in  degree  in  dif- 
ferent instances.  Can  the  actual  degree  of  it  be 
determined  at  the  onset  of  pulse-failure?  If 
this  be  impossible,  the  rational  treatment  will 
be  to  make  the  surroundings  of  the  heart  as 
favourable  as  possible  to  the  gradual  recovery 
of  its  normal  function.  And  this  will  be  effected 
by  counteracting  the  result  of  “ muscle-relaxa- 
tion ” on  the  air-way — viz.,  by  replacing  and 
maintaining  the  base  of  the  tongue  in  its  normal 
position,  with  the  prime  object  of  supplying  air 
to  the  alveoli,  and,  consequently,  of  removing 
the  impediment — viz.,  alveolar  obstruction — in 
the  way  of  the  recovery  of  the  cardiac  function. 

§ 68.  Stomachic  disturbance.  — There  are  two 
kinds  of  stomachic  disturbance  — the  indirect 
and  the  direct.  The  indirect  kind  may  appear 
in  the  early  stages  of  the  period  of  induction, 
where  it  has  its  origin  in  the  imagination.  It 
may  also  appear  in  the  later  stages,  and  is  then 
due  either  to  some  fault  in  method  or  to  the 
poor  quality  of  CHC13  in  use.  Instead  of  the 
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uninterrupted  transition  from  consciousness  to 
anaesthesia,  in  which  the  functions  of  the 
external  senses  are  first  suspended,  retrogres- 
sion occurs,  and  the  recovery  of  external  con- 
sciousness may  be  associated  with  stomachic 
manifestations. 

Anaesthesia  once  attained,  it  is  necessary,  in 
order  to  its  maintenance,  to  continue  the  normal 
CHCl3-air  atmosphere,  but  the  proportion  of 
CHC13  in  it  must  be  progressively  diminished 
in  accordance  with  the  law  of  diminishing  re- 
sistance. If  the  continuity  of  the  normal  mixed 
atmosphere  is  interrupted,  either  by  increase  or 
diminution  of  the  normal  proportion  of  CHC13, 
a deviation  from  the  normal  course  of  anaes- 
thesia will  ensue.  In  the  latter  case,  its 

tendency  is  to  the  return  of  consciousness. 
The  first  indication  of  this  abnormality  is  de- 
creased frequency  of  respiration,  the  action  of 
the  respiratory  machine  remaining  regular.  The 
second  phase  is  characterised  by  the  appearance 
of  irregularity  in  its  action,  accompanied  by 
manifestations  of  volition.  During  this  stage, 
indirect  stomachic  phemonena  may  appear. 
But  when  they  do  so,  they  are  not  accompanied 
by  pallor  (with  the  exception  of  those  instances 
in  which  direct  stomachic  disturbance  coincides 
with  returning  consciousness).  The  treatment 
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consists  in  restoring  the  normal  proportion  of 
CHCI3,  which,  however,  has  to  be  effected  grad- 
ually. But  inasmuch  as  all  states  presenting 
stomachic  phenomena  are  not  alike,  and  as 
the  presence  of  CHC13,  even  in  the  lowest 
proportion,  may  be  contra-indicated  in  direct 
stomachic  disturbance,  its  indiscriminate  use 
will  be  followed  by  different  consequences. 
Because,  in  some  instances,  the  continuance  of 
CHClg  is  followed  by  the  reappearance  of  auto- 
matic respiration,  and  in  others  by  its  arrest, 
is  no  argument  in  favour  of  its  peculiar  action — 
i.e.y  in  the  sense  in  which  peculiarity  is  used. 
But  perplexity  will  necessarily  arise  when  differ- 
ent states,  having  only  some  phenomena  in 
common,  are  taken  to  be  exactly  alike  (i.e.,  all 
presenting  the  same  phenomena),  and  treated 
in  the  same  way.  To  remove  perplexity,  its 
source  is  to  be  exposed  and  the  tendency  of  it 
counteracted.  If,  therefore,  a rational  conclusion 
is  drawn  with  the  assistance  of  all  the  data  which 
enter  into  it,  the  possibility  of  error  will  be 
avoided,  and  the  different  results  which  follow 
upon  the  same  treatment  of  apparently  similar 
states,  will  be  shown  to  be  derived  from  different 
causes  or  combinations  of  causes. 

Direct  stomachic  disturbance  is  due  to  inter- 
ruption to  the  progress  of  the  digestive  function. 
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Where  preparation  is  possible,  and  efficiently 
carried  out,  its  cause — viz.,  undigested  food  in 
the  stomach — is  absent.  But  it  happens  that 
immediate  surgical  operation  is  necessary  in 
cases  where  preparation  is  impossible.  And 
thus  the  study  of  the  phenomena  associated  with 
stomachic  disturbance  becomes  essential. 

There  are  three  stages  in  the  course  of  a 
typical  example  of  direct  stomachic  disturbance. 
The  first  is  marked  by  irregular  movements  of 
the  intestines.  The  second  is  characterised  by 
reduced  action  of  the  respiratory  machine — 
stomachic  inhibition  of  the  respiratory  centre 
— and  pallor,  the  result  of  stimulation  of  the 
vaso- motor  centre.  This  stage  varies  in  the 
length  of  its  duration,  and  it  is  accompanied  by 
the  contracted  pupil.  It  is  followed  by  the  act 
of  vomiting,  which  constitutes  the  third  or  final 
stage  of  direct  stomachic  disturbance. 

Though  it  may  be  anticipated,  yet  the  moment 
of  its  occurrence  cannot  be  determined.  Hence 
the  rule  of  maintaining  the  state  of  the  respira- 
tory machine  free  from  embarrassments  that  are 
contingent  upon  the  undue  negative  or  physical 
action  of  CHC13,  so  that  it  shall  always  be  ready 
for  its  reception. 

The  mechanism  of  the  act  of  vomiting  is  com- 
plex. It  begins  with  intense  stimulation  of  the 
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peripheral  ends  of  the  vagus  in  the  stomach. 
The  powerful  stimulus  is  transmitted  along  the 
vagus  nerve  to  the  vomiting  centre  in  the  floor 
of  the  fourth  ventricle,  whence  it  is  distributed 
to  the  respiratory  and  vaso  - motor  centres. 
Stimulation  of  these  centres  is  followed  respect- 
ively by  functional  arrest  of  respiration  and  fall 
of  blood-pressure.  But  the  incidence  of  respira- 
tory arrest  is  characteristic.  It  takes  place  at 
the  end  of  a full  inspiration.  Its  occurrence 
at  this  phase  in  the  action  of  the  respiratory 
machine  leads  to  the  temporary  fixture  of  the 
diaphragm.  That  contracted  muscle,  supported 
by  the  expanded  lungs,  forms  a fixed  plane, 
between  which  and  the  contracting  abnormal 
muscles  the  stomach  is  compressed.  The  ex- 
pulsion of  the  stomachic  contents  will  be 
immediately  followed  by  the  return  of  the 
respiration  and  complexion  to  the  normal,  which 
is  rapidly  effected. 

But  this  abnormal  action  of  the  stomach  is 
sometimes  characterised  by  variety.  The  suc- 
cessive stages  may  be  rapidly  encompassed, 
and  within  a very  short  interval  after  its 
beginning  the  complication  may  end  in  sudden 
arrest  of  respiratory  movements.  Thus  the 
occasional  occurrence  of  this  phenomenon  gave 
rise  to  the  hypothesis  of  the  physiological  action 
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of  CHClg  on  the  respiratory  centre,  while  in 
the  comparatively  larger  group  of  instances 
presenting  a well-defined  second  stage,  pallor 
is  arbitrarily  taken  to  be  the  proof  of  the 
direct  and  dangerous  influence  of  CHC13  on 
the  heart. 

Now,  the  act  of  vomiting  may  be  interrupted. 
The  antecedent  requisite  condition  is  arrest 
of  the  action  of  the  respiratory  machine  at 
the  end  of  a full  inspiration.  The  factors  that 
prevent  full  inspiration  are — i,  sufficient  degree 
of  mechanical  obstruction ; 2,  respiratory  over- 
dose ; and,  3,  pulmonic  congestion.  If  either 
of  these  (or  a combination  of  any  two,  or  all 
of  them)  is  present  when  the  act  of  vomiting 
is  about  to  take  place,  two  causes  will  be  in 
opposition — viz.,  a tendency  to  a full  inspira- 
tion, and  the  abnormal  condition  of  the  air- 
way or  of  the  lungs,  which  becomes  a causal 
factor  in  the  altered  circumstances  of  the 
action  of  the  respiratory  machine,  tending  to 
prevent  it.  And  arrest  of  respiratory  move- 
ments at  some  stage  in  the  course  of  the  act 
of  inspiration  will  consequently  ensue.  If  the 
abnormal  condition,  which  thus  becomes  a 
causal  factor,  is  removed  at  once,  the  progress 
of  the  act  of  vomiting  will  be  resumed.  If, 
on  the  other  hand,  it  is  not  removed,  or  there 
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is  undue  delay  in  its  removal,  abstract  con- 
sideration of  the  circumstances  leads  to  the 
conclusion  that  the  abnormal  states,  both  of 
the  respiratory  machine  and  circulation,  will 
not  remain  the  same  as  they  were  at  the 
moment  of  respiratory  arrest,  but  will  become 
intensified  in  degree — i.e.,  pulmonic  congestion 
will  be  increased,  as  also  the  distension  of  the 
right  ventricle,  which  will  be  manifested  by 
general  venous  distension. 

In  the  course  of  CHCl3-unconsciousness,  the 
conditions  of  the  several  components  of  the 
respiratory  machine  are  not  necessarily  normal. 
But  if  they  are  normal  they  will  not  be  abso- 
lutely constant,  by  reason  of  the  variations  in 
the  CHCI3- constituent.  Thus  in  anaesthesia, 
mechanical  obstruction  or  a temporary  respira- 
tory overdose  may  coincide  with  functional 
arrest  of  respiratory  movements.  In  narcosis, 
pulmonic  congestion,  either  alone  or  in  com- 
bination with  mechanical  obstruction,  or  a res- 
piratory overdose,  may  be  present  and  impeding 
full  inspiration. 

Hence,  in  view  of  the  possibility  of  the  occur- 
rence and  rapid  progress  of  the  stomachic 
complication,  it  is  essential  that  the  conditions 
which  may  become  causal  factors  opposing 
it  shall  be  absent.  Thus  pulmonic  congestion 
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will  be  prevented  by  limiting  the  physiological 
action  of  CHC13  to  the  degree  of  anaesthesia. 
Mechanical  obstruction  will  be  removed  by 
replacing  and  maintaining  the  base  of  the 
tongue  in  its  normal  position.  But  it  will  be 
impossible  to  avoid  a temporary  respiratory 
overdose  under  the  circumstances  at  the  be- 
ginning, without  adequate  warning,  of  the  act 
of  vomiting.  For  the  addition  of  CHC13  is 
necessary  in  order  to  maintain  the  CHCl3-air 
atmosphere  at  its  relatively  normal  strength. 
But  the  CHC13- constituent  passes  from  its 
highest  to  its  lowest  degree  of  concentration 
as  the  consequence  of  its  evaporation  and  ab- 
sorption. Thus  the  former  will  be  most  potent 
if,  i,  the  amount  is  comparatively  large — i.e., 
during  the  early  stages  of  anaesthesia ; and,  2, 
if  it  is  comparatively  small,  when  functional 
arrest  of  respiration  coincides  with  or  occurs 
soon  after  its  application. 

Thus  functional  arrest  of  respiratory  move- 
ments may  take  place  during  a favourable  or 
an  unfavourable  condition  of  the  air-way.  In 
the  former  there  is  no  impediment  to  the  act 
of  vomiting,  consequently  that  natural  function 
will  proceed  without  interruption.  But  in  the 
latter  the  presence  of  respiratory  obstruction 
introduces  a flaw  in  the  mechanism  of  the 
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complex  act  of  vomiting.  Arrest  of  respiratory 
movements  will  not  immediately  be  followed 
by  the  expulsion  of  the  stomachic  contents : 
and  it  is  this  circumstance  that  will  point  to 
the  site  of  the  disturbing  factor.  When  func- 
tional respiratory  arrest  is  not  immediately 
followed  by  expulsion  of  the  contents  of  the 
stomach,  the  base  of  the  tongue  is  to  be  re- 
placed and  maintained  in  its  normal  position, 
and  the  contents  of  the  air-way  artificially  ex- 
pelled. The  air  - way  being  thus  restored  to 
its  normal  condition,  a full  inspiration  will  be 
followed  by,  i,  functional  respiratory  arrest; 
and,  2,  expulsion  of  the  stomachic  contents. 

But  if  a respiratory  overdose  is  not  efficiently 
removed  as  soon  as  possible,  it  will  be  followed 
by  physiological  pulmonic  congestion,  which 
will  increase  in  degree  proportionately  to  the 
increase  of  delay  in  the  conveyance  of  air  to 
the  alveoli.  Thus,  what  is  at  first  a temporary 
obstruction,  will  subsequently  become  converted 
into  a relatively  permanent  one.  In  this  re- 
spect the  state  induced  by  delay  resembles 
that  which  results  from  the  concurrence  of 
functional  arrest  of  respiration  with  the  pul- 
monic congestion  of  CHCl3-narcosis.  But  they 
differ  in  another  — viz.,  that  the  blood  is  of 
normal  colour  before  the  occurrence  of  res- 
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piratory  arrest  in  the  one,  while  in  the  other 
it  is  discoloured.  Now  it  is  this  difference  that 
explains  the  difference  in  the  length  of  interval 
that  elapses  before  recovery  is  effected  by  means 
of  artificial  respiration.  Where  the  blood  is 
normal  before  the  onset  of  respiratory  arrest, 
the  interval  is  found  to  be  comparatively  short ; 
but  where  the  blood  is  discoloured  before  the 
onset  of  respiratory  arrest,  it  is  found  to  be 
comparatively  long.  It  is  obvious  that  the 
limit  within  which  the  reduction  of  physio- 
logical pulmonic  congestion  is  to  be  effected 
will  be  determined  by  the  resisting  power  of 
the  right  ventricle.  The  object  of  artificial 
respiration  is  to  relieve  its  over-distended  con- 
dition. Under  the  circumstances  this  can  only 
be  done  gradually.  For  the  compression  of 
the  chest  is  not  synonymous  with  the  expulsion 
of  all  the  contents  of  the  air-way,  but  only  a 
part  of  them.  The  recoil  of  the  chest  will  be 
followed  by  an  intake  of  air,  which  is  arrested 
at  a greater  than  the  normal  distance  from  the 
alveoli.  It  can  only  reach  its  destination  by 
diffusion.  But  in  order  to  this  an  interval 
is  necessary.  And  it  is  this  interval  that  ac- 
counts for  the  gradual  conveyance  of  air  to 
the  alveoli,  for  the  gradual  aeration  of  the 
blood  in  the  distended  terminals  of  the  pul- 
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monic  artery,  for  the  gradual  diminution  in 
the  tension  of  its  main  trunk,  and  consequently 
for  the  gradual  removal  of  increased  pressure 
in  the  right  ventricle. 

From  the  fact  that  direct  stomachic  dis- 
turbance has  two  degrees  of  relation  to  the 
respiratory  centre — viz.,  inhibition  of  its  action 
and  functional  arrest — two  modes  of  onset  of 
respiratory  arrest  during  CHC13-  unconscious- 
ness are  possible : i,  sudden,  either  at  the  end 
or  during  a fall  of  inspiration  ; and,  2,  more  or 
less  rapid  — the  consequence  of  the  reduced 
action  of  the  respiratory  machine  being  com- 
plicated either  by  a respiratory  overdose  or 
mechanical  obstruction,  or  both. 

But  whether  sudden  or  rapid,  respiratory 
arrest  is  necessarily  followed  by  changes  in 
the  circulatory  system.  These  will  be  preju- 
dicially affected  by  antecedent  abnormal  con- 
ditions of  some  of  the  components  of  both  the 
respiratory  and  circulatory  systems.  Thus  a 
fall  of  blood-pressure  below  the  requisite  degree 
is  not  associated  with  disappearance  of  the 
pulse,  if  at  the  moment  of  its  onset  the  respira- 
tory machine  is  normal  both  as  to  its  state  and 
function,  and  the  circulation  is  normal.  Sup- 
pose, however,  that  the  same  degree  of  fall 
of  blood -pressure  occurs  under  the  abnormal 
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conditions  of  physiological  pulmonic  congestion 
and  increased  arterial  tension,  the  pulse  will 
disappear.  It  will  be  essential,  therefore,  in 
any  given  instance  of  it,  to  isolate,  I,  the 
origin  of  fall  of  blood  - pressure ; and,  2,  the 
abnormal  conditions  determining  its  result  on 
the  pulse.  The  origin  of  fall  of  blood-pressure, 
where  it  is  associated  with  an  abnormal  con- 
dition of  the  respiratory  centre,  is  in  stimulation 
of  the  vaso-motor  centre.  These  two  centres — 
the  respiratory  and  vaso  motor — are  intimately 
connected  by  extensive  nerve  - channels.  Be- 
tween and  below  them,  in  the  floor  of  the 
fourth  ventricle,  is  the  vomiting  centre,  which 
directly  communicates  with  both  of  them. 
Functional  arrest  of  the  action  of  the  respira- 
tory centre  is  effected  by  a stimulus  arising 
in  the  stomachic  terminations  of  the  vagus, 
and  conveyed  by  it  to  the  vomiting  centre, 
whence  it  is  distributed  to  the  respiratory  and 
vaso  - motor  centres.  But  the  degree  of  fall 
of  blood-pressure,  which  appears  simultaneously 
with  respiratory  arrest,  is  not,  in  normal  con- 
ditions of  the  pulmonic  artery  and  the  main 
vascular  system,  sufficient  to  cause  the  disap- 
pearance of  the  radial  pulse.  For  the  alveolar 
circulation,  undisturbed  by  vaso-motor  compli- 
cation, continues  to  supply  the  left  ventricle, 
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and  thus  returns  the  main  mass  of  the  blood, 
which  has  been  diverted  into  the  portal  system, 
into  the  general  circulation.  The  rate  of  the 
alveolar  circulation,  therefore,  will  determine 
the  volume  of  the  radial  pulse ; and  a factor 
which  disturbs  the  former  will  exert  a corres- 
ponding result  upon  the  latter.  Such  a factor 
is  distension  of  the  pulmonic  artery,  which  is 
associated  with  a diminished  rate  of  alveolar 
circulation  without  vaso  - motor  complication  ; 
with  vaso-motor  complication  this  reduced  rate 
of  alveolar  circulation  leads  to  a relative  in- 
sufficient supply  to  the  left  ventricle,  and  con- 
sequently to  the  disappearance  of  the  radial 
pulse. 

In  case  of  the  inhibited  action  of  the  res- 
piratory centre,  blood-pressure  falls  simultane- 
ously with  and  is  proportioned  to  it.  As  long 
as  there  is  no  impediment  in  the  way  of 
efficient  aeration,  so  long  will  the  radial  pulse 
maintain  its  natural  though  abnormal  degree 
of  volume.  But  the  function  of  aeration  may 
be  disturbed  by  mechanical  obstruction  — an 
incidental  consequence  dependent  upon  an  in- 
direct result  of  vaso-motor  complication  — or 
by  a respiratory  overdose.  If,  then,  either  of 
these  causes  is  supposed  to  operate  during 
stomachic  inhibition  of  the  respiratory  centre, 
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the  radial  pulse  will  manifest  the  following 
changes.  First,  there  is  increase  of  its  tension, 
which  is  of  longer  or  shorter  duration,  accord- 
ing to  the  less  or  greater  degree  of  the  action 
of  the  disturbing  factor ; and  secondly,  there 
is  a rapid  disappearance  of  its  beat. 

The  relation  of  the  failure  of  the  pulse  to 
the  causation  of  “ states  of  crisis  ” that  are 
characterised  by  abnormal  condition  — either 
inhibited  action  or  functional  arrest — of  the 
respiratory  centre  is  thus  of  secondary  import- 
ance. The  radial  pulse  may  fail  after  respiratory 
movements  cease,  or  the  failure  of  both  radial 
pulse  and  respiration  may  appear  to  occur  simul- 
taneously. But  it  does  not  necessarily  follow 
that  the  pulse  is  not  present  in  the  innominate, 
because  it  cannot  be  felt  in  the  radial  artery. 
The  object  of  practical  importance  is  the  re- 
moval of  obstruction  in  the  way  of  the  alveolar 
circulation,  and  this  is  effected  by  restoring  free 
communication  between  the  outside  air  and  the 
alveoli. 

In  this  group  of  instances  of  respiratory  arrest, 
the  respiratory  centre  is  known  to  be  the  seat 
of  abnormal  action.  The  analysis  of  CHC13- 
action  leads  to  the  separation  of  its  negative 
and  physical  from  its  physiological  effect.  There 
is  evidence  of  its  purely  physical  action  in  the 
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respiratory  overdose,  and  pulmonic  congestion 
is  one  of  the  components  of  CHC13- narcosis. 
Both  respiratory  overdose  and  pulmonic  con- 
gestion may  be  present  before,  or  may  appear 
subsequently  to,  reflex  arrest  or  inhibition  of  the 
action  of  the  respiratory  centre.  On  the  other 
hand,  these  reflex  actions  may  occur  during  the 
normal  state  of  the  respiratory  machine.  The 
inference,  therefore,  is  not  that  CHC13  exercises 
a peculiar  physiological  effect  on  the  respiratory 
centre,  thus  minimising  or  neglecting  altogether 
the  influence  of  the  different  states  under  which 
arrest  of  respiratory  movements  occurs,  but  that 
these  different  states  exert,  in  so  far  as  one  or 
other  of  their  components  is  concerned,  a deter- 
mining influence  in  the  causation  of  a tempor- 
ary suspension  of  the  action  of  the  respiratory 
machine.  The  erroneous  inference  that  CHC13 
has  a peculiar  effect  on  the  respiratory  centre  is 
supported  by  the  experience  derived  from  the 
results  associated  with  the  same  degree  of  its 
action  in  different  instances,  or  in  different 
stages  of  the  same  instance.  For  example,  a 
given  degree  of  CHCl3-action  is  not  associated 
with  abnormality  of  the  respiratory  machine  in 
the  early  stages  of  anaesthesia.  In  the  course, 
however,  of  anaesthesia,  the  action  of  the  respir- 
atory machine  becomes  inhibited,  and  the  same 
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degree  of  CHCl3-action  will  inevitably,  sooner 
or  later,  be  associated  with  its  arrest.  The  de- 
duction that  CHClg  causes  respiratory  arrest 
through  its  paralysing  influence  on  the  respir- 
atory centre,  is  drawn  without  regard  to  the 
influence  of  the  more  important  factor  in  its 
complex  causation — viz.,  inhibited  respiration. 
In  other  words,  no  analysis  is  made  of  the  con- 
ditions of  the  parts  which  are  affected  in  the 
production  of  the  phenomenon  whose  causation 
is  under  investigation,  and  the  conclusion  is 
drawn  from  insufficient  data. 

But  there  are  other  groups  besides  the  ones 
already  indicated,  of  instances  of  respiratory 
arrest  which  possess  each  its  own  character- 
istic causal  factor.  Thus  the  study  of  its 
causation  is  rendered  still  more  intricate.  Vol- 
untary arrest  or  inhibition  of  the  action  of  the 
respiratory  centre,  during  the  period  of  the 
induction  of  unconsciousness,  may  be  compli- 
cated by  mechanical  obstruction  or  a respiratory 
overdose ; during  the  stage  of  unconsciousness 
CHClg- narcosis  may  be  complicated  by  me- 
chanical obstruction ; and  rapid  arrest  of  the 
action  of  the  respiratory  machine,  from  exhaus- 
tion of  its  motor-power,  is  one  of  the  terminals 
of  the  narcotic  degree  of  CHC13- action. 

§ 69.  Primary  cardiac  syncope. — The  occurrence 
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of  this  phenomenon  is  rare.  It  is  associated 
with  some  inherent  abnormality  of  the  heart — 
e.g.,  i,  imperfect  development  of  the  left  ven- 
tricle co-existing  with  hypertrophy  of  the  right, 
in  an  infant  8 months  old;  2,  dilatation  of  the 
right  ventricle,  in  a youth  of  19  years,  indirectly 
caused  by  a solid  tumour  situated  between  the 
larynx  and  oesophagus,  and  compressing  both  ; 
3,  degeneration  of  the  cardiac  muscle  in  a man, 
aged  36,  who  had  been  the  subject  of  long- 
continued  suppuration  from  the  right  kidney. 
Each  of  these  instances  was  characterised  by 
the  same  sequence  of  phenomena — viz.,  sudden 
disappearance  of  the  pulse,  accompanied  by  full 
dilatation  of  the  pupil,  empty  veins  and  muscle- 
collapse,  and  followed  by  gradual  decline  of 
respiratory  movements.  The  immediate  re- 
placement of  the  base  of  the  tongue  is  not 
followed  by  any  alteration  in  the  size  of  the 
pupil.  But  it  is  essential  in  order  to  demon- 
strate the  attitude  of  the  respiratory  centre. 
For  the  continued  action  of  the  respiratory 
machine  is,  in  the  abnormal  condition  of 
cardiac  failure,  dependent  upon  freedom  from 
obstruction. 

There  is  no  intimate  connection  between  the 
action  of  the  heart  and  the  function  of  the 
respiratory  centre.  But  there  is  between  the 


44 


THE  CHClg-PROBLEM. 

respiratory  and  vaso  - motor  centres,  so  that 
stimulation  of  the  latter  will  immediately  be 
followed  by  a corresponding  change  in  the 
former.  The  most  intense  degree  of  its  severe 
stimulation  is  known  to  be  followed  by  a rapid 
decline  of  the  function  of  the  respiratory  centre, 
which  is  manifested  by  the  rapid  decline  of 
respiratory  movements.  The  attitude  of  the 
respiratory  centre,  therefore,  will  determine  the 
origin  of  the  fall  of  blood-pressure.  And,  inas- 
much as  variations  in  the  activity  of  the  res- 
piratory centre  are  reflected  in  corresponding 
variations  of  respiratory  movements,  the  reason 
for  preserving  these  movements  from  being  im- 
peded will  be  obvious  when  it  is  considered  that, 

1,  the  respiratory  muscles  are  suddenly  deprived 
of  their  blood-supply ; and,  2,  they  are  in  the 
least  favourable  condition  for  supplying  the 
extra  work  which  is  necessitated  by  the  pres- 
ence of  an  obstacle  in  the  performance  of  their 
duties — e.g.,  increased  expiratory  effort  to  expel 
the  contents  of  the  air-way  through  a narrow 
glottis. 

§ 70.  Complications  arising  in  connection  with 
surgical  operations. — The  immediate  results  of 
surgical  operations  may  be,  1,  haemorrhage  ; and, 

2,  reflex  stimulation  of  the  vaso-motor  centre. 
In  the  case  of  haemorrhage  from  the  naso- 
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pharynx  reaching  undue  proportions,  the  head 
and  shoulders  are  to  be  lowered,  and  the  mouth 
left  open  with  a gag,  in  order  to  favour  the  pass- 
age of  the  blood  to  the  outside,  while  measures 
are  being  taken  to  arrest  its  flow.  But  these 
are  sometimes  anticipated  by  the  natural  arrest 
of  the  haemorrhage  through  secondary  syncope, 
when  the  blood  is  to  be  quickly  removed  from 
the  pharynx,  as  a precautionary  measure  before 
the  replacement  of  the  base  of  the  tongue  in  its 
normal  position.  For  there  will  be  a chance, 
on  the  one  hand,  of  blood  entering  the  larynx ; 
on  the  other,  there  is  obstruction  to  the  passage 
of  air  from  the  outside  to  the  alveoli,  and  it 
may  be  temporarily  complete.  Judgment  will 
have  to  be  exercised,  as  well  as  care  in  manip- 
ulation, with  regard  to  the  supply  of  air  to  the 
alveoli  on  these  occasions. 

One  of  the  consequences  of  long-continued 
surface  haemorrhage  during  CHC13- action,  ap- 
pears in  a tendency  to  cardiac  debility.  (The 
nutrition  of  the  cardiac  muscle  is  affected 
through  the  alteration  of  the  blood  produced 
by  CHC13,  and  in  course  of  time  the  defect 
will  assume  appreciable  dimensions.)  The  tend- 
ency will  be  favoured  by  the  initially  weak 
power  of  the  heart  which  is  associated  with 
the  state  of  emaciation.  Such  a concurrence 
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of  factors  will  determine  the  judicious  use  of 
cardiac  stimulants : their  end-object  is  to  enable 
the  heart  to  tide  over  a temporary  difficulty. 
Consequently  the  application  of  them  is  to  be 
limited  to  that  degree  of  result  which  suffices 
for  the  amelioration  of  those  emergent  condi- 
tions which  necessitate  their  use. 

For  this  reason  — stimulation  consumes  the 
energy  of  the  heart.  But  the  initial  energy  of 
the  heart  in  these  instances  is  less  than  the 
normal,  and  it  has  already  been  considerably 
encroached  upon.  There  is,  therefore,  the 
danger  of  too  rapidly  consuming  what  remains 
of  the  cardiac  energy.  And  the  consumption 
of  energy,  when  it  is  not  restored,  will  be 
followed  by  rapid  depression. 

§ 71.  Vaso-motor  depression. — Reflex  stimulation 
of  the  vaso-motor  centre  is  consequential  upon 
the  application  of  a stimulus  to  some  part  of  the 
sympathetic  nervous  system.  It  is,  therefore,  to 
be  anticipated  during  surgical  operations  on  the 
abdominal  organs  and  in  the  deep-seated  region 
of  the  neck.  Thus,  in  intussusception,  the  CHC13- 
air  atmosphere  should  be  replaced  by  air  20"  be- 
fore the  manipulation  of  the  affected  intestines, 
with  the  object  of,  1,  insuring  the  freedom  of 
the  alveolar  circulation  from  what  would  be  a 
relative  obstruction,  if  CHC13  were  continued  in 
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normal  amounts ; and,  2,  of  favouring  the  return 
of  the  blood  from  the  portal  to  the  main  circu- 
lation. The  degree  of  stimulation  of  the  vaso- 
motor centre  varies  with  the  degree  of  the 
intensity  of  the  stimulus.  The  minor  degrees 
are  associated  with  acceleration  of  respiratory 
frequency  (already  increased  as  the  result  of 
CHCI3-  action) ; and  the  major  degrees  with 
rapid  decline  of  respiratory  movements,  which 
become  limited  to  the  abdomen,  and  in  the 
severest  instances  undergo  a temporary  sus- 
pension. It  is  essential  to  include  the  minor 
degrees  of  reflex  vaso-motor  stimulation  in  the 
study  of  agencies  affecting  the  cardiac  function 
in  the  course  of  CHCl3-action,  in  order  to 
explain  the  temporary  disappearance  of  the 
pulse  in  the  major.  And  it  is  requisite  that 
there  shall  be  no  interruption  to  the  progress 
of  the  phenomena  composing  the  state  of  vaso- 
motor complication — i.e.,  the  action  of  the  res- 
piratory machine  is  to  be  free  from  obstruction 
and  the  circulation  of  the  blood  in  the  alveoli 
unimpeded.  For,  supposing  that  the  return 
of  the  blood  is  checked  by  approaching  stasis 
of  the  alveolar  circulation,  the  disappearance 
of  the  pulse,  instead  of  being  temporary,  will 
become  relatively  permanent — (i.e.,  until  the 
alveolar  circulation  is  restored  to  the  normal). 
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And  it  will  be  obvious  that  undue  delay  in  the 
return  of  the  radial  pulse  in  these  circumstances 
will  form  a false  support  for  the  hypothesis  that 
CHClg  directly  weakens  the  action  of  the  heart. 

As  the  result  of  reflex  stimulation  of  the 
vaso-motor  centre,  there  is  immediate  fall  of 
blood-pressure.  And  as  the  result  of  fall  of 
blood  - pressure,  there  is  a corresponding  re- 
duction of  cardiac  power,  in  accordance  with 
the  fundamental  law  of  the  equation  of  the 
degree  of  cardiac  action  to  the  volume  of  blood 
in  the  main  circulation.  In  the  most  intense 
degrees  of  stimulation  of  the  vaso-motor  centre, 
the  power  of  the  heart  is  temporarily  reduced 
to  a minimum.  The  reduced  power  of  the 
heart  is  thus  secondary  to  fall  of  blood-pressure, 
and  an  indirect  result  of  stimulation  of  the  vaso- 
motor centre.  It  is  conservative  in  its  object, 
and  it  automatically  returns  to  the  normal  on 
the  return  of  the  blood  to  the  main  circulation. 
But  its  rate  of  progress  is  necessarily  slow, 
because  the  alveolar  circulation,  upon  which  it 
is  dependent,  is  affected  by  a temporary  inter- 
ruption in  the  normal  supply  of  air  to  the 
alveoli,  consequent  upon  rapid  decline  of  res- 
piratory movements.  It  is  clear,  therefore, 
that  in  this  contingency  there  will  be  no  need 
for  artificial  cardiac  stimulation. 
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The  fall  of  blood-pressure  in  the  main  cir- 
culation is  followed  by  increased  tension  in  the 
portal  system.  And  after  the  components  of 
these  systems  have  severally  adjusted  them- 
selves to  temporary  abnormal  conditions,  there 
will  come  into  operation  a natural  tendency  to 
the  normal  redistribution  of  the  blood.  Thus, 
the  blood  will  pass  through  the  portal  vein  and 
inferior  vena  cava  into  the  right  heart,  which 
propels  it  to  the  pulmonic  capillaries.  But 
its  further  passage  through  the  lungs  can  only 
be  effected  by  aeration.  If  this  should  be 
obstructed,  the  current  of  the  blood  will  be 
diverted  through  the  superior  vena  cava  into 
the  veins  of  the  upper  part  of  the  body.  Con- 
sequently the  superficial  veins  will  become  dis- 
tended in  that  region. 

Associated  with  reflex  stimulation  of  the  vaso- 
motor centre  are — i,  dilatation  of  the  pupil;  and, 
2,  muscle-collapse.  Both  appear  simultaneously 
with,  and  present  variations  of  degree  propor- 
tionate to,  the  degree  of  fall  of  blood-pressure. 
Thus,  in  intense  degrees  of  the  latter  the  pupil 
is  fully  dilated,  and  the  degree  of  muscle-relaxa- 
tion extreme,  while  in  less  severe  instances  the 
pupil  is  more  or  less  dilated,  and  the  degree  of 
muscle-relaxation  greater  or  less.  But  in  all 
instances  the  dilated  pupil  retains  its  sensitive- 
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ness  to  the  action  of  light.  Inasmuch  as  both 
these  phenomena  occur  in  fall  of  blood-pressure, 
consequent  on  primary  syncope  or  cardiac  ex- 
haustion, the  inference  is  very  probable  that 
they  are  not  directly  related  to  reflex  stimulation 
of  the  vaso-motor  centre. 

Muscle-relaxation,  however,  becomes  of  prac- 
tical importance,  in  respect  that  it  favours  the 
backward  displacement  of  the  base  of  the 
tongue,  and,  therefore,  mechanical  obstruction 
in  the  air-way,  which  thus  becomes  a remote 
result  of  the  original  complication.  But  me- 
chanical obstruction  tends  to  arrest  the  alveolar 
circulation,  on  which  the  recovery  of  the  pulse 
is  dependent,  by  cutting  off  the  supply  of  air 
to  the  alveoli.  And  the  heart,  after  endeavour- 
ing to  overcome  a progressively  increasing  ob- 
stacle, during  which  it  diverts  some  of  the 
blood  passing  through  its  right  side  into  the 
tributaries  of  the  superior  vena  cava,  finally 
ceases  to  beat,  and  presents  post-mortem,  an 
over  - distended  right  ventricle,  and  either  a 
left  one  empty  or  else  containing  a small 
amount  of  black  blood.  It  is  not  often  that 
the  same  agent  is  related  to  two  results  which 
are  antagonistic  to  each  other.  But  vaso- 
motor complication  will  provide  an  example  of 
this  rare  relationship.  It  causes  a temporary 
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displacement  of  the  blood.  And  to  the  return 
passage  of  the  blood  from  the  portal  system 
to  the  main  circulation,  it  opposes  an  obstacle 
by  indirectly  producing  alveolar  stasis. 

The  indications  of  recovery  from  the  results 
of  reflex  stimulation  of  the  vaso-motor  centre, 
occurring  during  CHCl3-an3esthesia — the  rational 
means  of  treatment  being  supposed  to  be  in 
operation — viz.,  the  head  and  upper  part  of  the 
body  lowered  so  as  to  allow  of  gravity  assisting 
the  current  of  blood  in  the  vena  portae,  and 
the  base  of  the  tongue  maintained  in  its  normal 
position — are,  1,  the  rapid  return  of  the  dilated 
pupil  to  the  condition  of  normal  contraction ; 
and,  2,  a faint  alteration  of  the  colour  of  the 
complexion.  No  artificial  emptying  of  the  con- 
tents of  the  air-way  is  needed.  For  this  takes 
place  naturally  through  diffusion  in  the  interval 
during  which  the  two  vital  functions  are  adjust- 
ing themselves  to  their  new  surroundings.  The 
return  of  the  blood  to  the  main  circulation  is 
necessarily  slow.  But  it  is  essential  on  that 
account  to  possess  the  knowledge  that  it  is  not 
in  the  least  degree  being  impeded. 

Free  communication  between  the  external 
air  and  alveoli  being  achieved  and  maintained, 
the  gradual  progress  towards  the  normal  is 
characterised,  first,  by  the  increase  of  the  range 
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of  abdominal  movements ; and  secondly,  by  the 
extension  of  respiratory  movements  to  the  lower 
thorax.  These  gradually  increase  and  pro- 
gressively affect  the  middle  and  upper  parts  of 
the  thorax.  But  though  the  action  of  the 
respiratory  machine  is  considerably  advanced, 
yet  the  pulse  will  not  be  as  yet  perceptible 
at  the  wrist.  The  index  of  the  returning  power 
of  the  heart  is  for  this  stage  the  progressive 
increase  of  coloration  of  the  complexion. 

The  recovery  of  the  respiratory  centre  from 
secondary  disturbance  is  associated  not  with  a 
normal  condition  of  the  respiratory  muscles, 
excepting  the  diaphragm,  but  with  the  abnormal 
condition  of  the  immediate  and  complete  inter- 
ruption to  their  blood-supply.  Before  the  inter- 
costals  can  assume  their  ordinary  functions,  it 
is  necessary  that  they  shall  be  supplied  with 
blood,  and  this  is  gradually  effected  through 
the  intermediation  of  the  diaphragm.  The 
alveolar  circulation  is  dependent,  together  with 
air  in  the  alveoli,  upon  the  continued  action 
of  the  diaphragm.  And  upon  the  alveolar 
circulation  the  return  of  the  pulse  is  dependent, 
first  on  the  larger  arteries,  and  afterwards  on 
the  smaller  ones.  Thus,  in  this,  as  in  all  other 
complications,  there  is  no  statu  quo ; and  if 
rational  means  are  not  promptly  and  efficiently 


RESULTS. 


53 


put  into  operation,  the  reduced  action  of  the 
heart  will  be  subsequently  opposed  by  alveolar 
obstruction,  which  tends  to  cause  its  permanent 
failure.  The  hypothesis  that  the  heart  is 
directly  weakened,  in  pointing  to  its  stimula- 
tion, favours  delay  in  restoring  the  normal 
conditions  of  the  alveolar  circulation.  The 
consequence  of  this  delay  will,  therefore,  sup- 
port its  physiological  value. 

The  occurrence  of  vaso-motor  depression  is 
not  associated  with  undue  alarm  during  con- 
sciousness. But  when  it  happens  during 
CHC13- anaesthesia,  it  is  apt  to  be  regarded 
with  a high  degree  of  danger  which  does 
not  properly  belong  to  it.  There  are,  however, 
these  differences  in  the  conditions  of  the  muscles 
and  the  conscious  centres  presented  by  the 
state  of  consciousness  and  anaesthesia.  In  the 
former,  normal  muscles  are  suddenly  bereft  of 
their  blood  - supply,  and  consequently  reduced 
to  a condition  of  profound  relaxation ; the 
functions  of  the  centres  of  consciousness  also 
are  immediately,  but  only  temporarily,  sus- 
pended. If,  then,  the  base  of  the  tongue  is 
displaced  backwards  so  as  to  completely  ob- 
struct the  air-way,  there  will  be  sufficient  air 
below  the  seat  of  obstruction  to  carry  on  the 
alveolar  circulation  until  the  centres  of  con- 
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sciousness  begin  to  resume  their  functions, 
when  respiratory  obstruction  is  spontaneously 
removed.  But  in  the  case  of  anaesthesia  no 
such  assistance  is  afforded  to  the  action  of  the 
respiratory  machine.  The  muscles,  which  are 
already  in  an  abnormal  condition  of  relaxation, 
present,  when  suddenly  deprived  of  their  blood- 
supply,  a degree  of  relaxation  amounting  to 
collapse.  They  do  not,  consequently,  recover 
their  tone  as  rapidly  as  if  they  had  been  in  an 
initial  normal  condition.  And  the  consequence 
is  that  mechanical  obstruction,  which  in  the 
state  of  anaesthesia  and  in  the  supine  position 
is  an  invariable  result  of  muscle-collapse,  re- 
mains unrelieved,  and  will  continue  so  until 
it  is  artificially  removed. 

The  results  of  intense  pain  are  those  of  vaso- 
motor depression  accompanied  by  full  dilatation 
of  the  pupil.  The  argument  might  therefore 
be  adduced  that  the  vaso- motor  phenomena, 
instead  of  orginating  in  the  terminals  or  one 
of  the  main  branches  of  the  sympathetic  nerve- 
system,  arise  indirectly  from  the  great  sensory 
centres  of  the  brain.  This  presupposes,  how- 
ever, the  state  of  returning  consciousness — i.e., 
a condition  of  the  sensory  centres  equal  to  the 
reception  of  stimuli — and  further,  considerable 
progress  in  the  return,  because  the  condition 
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of  the  cerebral  sensory  centres  is  one  of  the 
determinants  of  the  result  on  them  of  stimula- 
tion, and  it  becomes  more  favourable  in  this 
respect  the  nearer  complete  consciousness  is 
approached.  There  are  three  stages  in  the 
return  to  consciousness.  The  first  indication 
is  diminished  frequency  of  respiration.  This 
is  followed  by  its  irregularity.  Dilatation  of 
the  pupil  occurs  in  the  last  stage.  But  vaso- 
motor phenomena  appear  when  the  action  of 
the  respiratory  machine  is  automatic  and  the 
pupil  is  normally  contracted.  Now,  automatic 
respiration  precludes  consciousness,  and  the 
contracted  pupil  is  the  measure  of  the  lowest 
or  anaesthetic  degree  of  CHCl3-action.  The 
question,  however,  might  be  put,  Is  this  de- 
gree sufficient  to  withstand  the  most  powerful 
sensory  stimuli  ? The  answer  is  supplied  by 
experience,  which  teaches  that  the  occurrence 
of  vaso-motor  phenomena  is  not  universal,  but 
only  occasional,  in  anaesthesia,  that  the  most 
severe  surgical  operations  are  not  necessarily 
followed  by  manifestations  of  returning  con- 
sciousness, and  that  vaso-motor  phenomena, 
when  they  appear,  are  invariably  associated 
with  sympathetic  nerve-stimulation.  Thus,  sen- 
sory stimulation  as  a sufficing  cause  is  excluded. 
But  there  is  a further  possibility.  “ Would 
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these  occasional  instances  happen  if  the  degree 
of  CHClg-action  were  higher  than  the  anaes- 
thetic— i.e.f  during  CHC13- narcosis  ? ” And  this 
leads  to  the  investigation  of  vaso-motor  com- 
plication affected  by  abnormal  conditions. 

The  return  of  the  blood  from  the  portal  to 
the  main  circulation  is  impeded  when  the 
alveolar  circulation  is  obstructed.  The  im- 
mediate cause  of  obstruction  is  defective  aeration 
of  the  blood.  One  of  the  causes  of  the  latter 
is  the  excessive  proportion  of  CHC13  in  the 
CHClg-air  atmosphere  which  is  administered. 
And  one  of  its  results  is  physiological  pulmonic 
congestion.  In  the  state  of  narcosis,  which 
varies  in  degree  according  to  the  degree  of 
excess  or  overdose  of  CHC13,  the  degree  of 
alveolar  obstruction  varies  directly  with  the 
degree  of  pulmonic  congestion  on  the  one 
hand,  and  with  the  degree  of  discoloration 
of  the  blood  on  the  other.  If,  then,  a fall 

of  blood-pressure  takes  place — and  it  is  matter 
of  experience  that  falls  of  blood -pressure  do 
occasionally  take  place  during  duskiness — i.e., 
deficient  oxygenation  of  the  blood,  with  which 
pulmonic  congestion  is  necessarily  associated, — 
two  factors  will  be  present  affecting  the  return 
of  the  blood  to  the  general  circulation.  First, 
there  is  the  natural  flow  of  the  blood  towards 
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the  right  side  of  the  heart,  whence  it  is 
propelled  into  the  pulmonic  artery ; secondly, 
there  is  an  impediment,  less  or  greater,  in  the 
alveolar  circulation.  These  causal  factors, 
when  simultaneously  in  action,  oppose  each 
other.  And  it  is  this  opposition  that  prevents 
the  heart,  which  has  previously  been  subjected 
to  some  degree  of  exhaustion,  resulting  from 
pulmonic  congestion,  and  the  power  of  its 
action  is  now  reduced  in  proportion  to  the 
degree  of  fall  of  blood-pressure,  from  gradually 
recovering  its  normal  function. 

A high  degree  of  CHC13- action  signifies  a 
corresponding  degree  of  alveolar  obstruction. 
Supposing  that  vaso  - motor  reflex  action  is 
affected  by  the  state  of  CHC13- narcosis,  so 
that  the  results  of  the  same  degree  of  the 
peripheral  stimulus  are  diminished  in  greater 
or  less  degree,  according  to  the  greater  or 
less  degree  of  narcosis.  The  greater  the  degree 
of  narcosis,  the  greater  will  be  the  over- 
distension of  the  right  side  of  the  heart,  and 
the  greater  the  diminution  in  the  results  of 
reflex  stimulation  of  the  vaso -motor  centre — 
i.e.,  the  less  the  fall  of  blood -pressure.  The 
heart,  while  in  an  induced  abnormal  condition, 
will  be  affected  by  the  consequence  of  some 
degree  of  a sudden  fall  of  blood-pressure.  And 
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the  result  of  this  upon  its  impaired  function 
has  to  be  taken  into  consideration.  Is  the 
heart  likely  to  recover  as  readily  from  a tem- 
porary state  of  disturbance  in  this  abnormal, 
as  it  does  in  its  normal,  condition  ? Has 
the  abnormal  condition  any  influence  upon  its 
recovery,  and,  if  so,  what  is  that  influence  ? 
But  assuming  that  the  heart  is  not  seriously 
affected — i.e.,  the  degree  of  over -distension  is 
moderate,  and  its  duration,  antecedent  to  the 
onset  of  fall  of  blood-pressure,  is  short  — the 
following  difficulty  presents  itself — viz.,  there 
is  an  impediment  to  the  return  of  the  blood 
to  the  main  circulation.  But  the  intensity  of 
the  impediment  increases  in  proportion  to  the 
degree  of  narcosis.  The  argument  against  the 
use  of  the  higher  degrees  of  CHCl3-action  is 
therefore  conclusive ; for  the  greater  the  impedi- 
ment to  the  alveolar  circulation,  the  greater 
will  be  the  interval  required  for  its  removal, 
which  possibly  may  have  to  be  effected  by 
the  application  of  artificial  respiration ; and 
upon  the  length  of  this  interval  the  mainten- 
ance of  the  function  of  the  heart  depends. 

The  other  causes  which  affect  aeration  of 
the  blood  are — i,  some  degree  of  mechanical 
obstruction  ; and,  2,  temporary  respiratory  over- 
dose. Either  or  both  of  these  factors  may 
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concur  with  sudden  fall  of  blood-pressure.  In 
the  case  of  the  former,  it  is  removed  by  replac- 
ing the  base  of  the  tongue  in  its  normal  posi- 
tion, and  the  progress  of  the  complication 
will  subsequently  continue  without  interruption 
to  its  normal  termination.  But  in  the  case 
of  the  latter,  the  replacement  of  the  base  of 
the  tongue  will  not  always  be  followed  by 
the  gradual  return  of  respiratory  movements. 
For  the  course  of  the  complication  is  inter- 
rupted by  it,  and  the  interruption  will  be 
manifested  by  commencing  distension  of  the 
superficial  veins.  If  the  degree  of  respiratory 
overdose  be  slight,  the  natural  process  of 
diffusion  will  effect  its  dissipation  before  an 
undue  degree  of  venous  distension  is  attained 
(always  supposing  that  the  air-way  is  main- 
tained normally  patent).  But  if  it  be  intense, 
as  manifested  by  the  rapidity  with  which  venous 
distension  increases  in  intensity,  its  artificial 
expulsion  will  become  necessary.  In  such  in- 
stances, a single  but  efficient  compression  of 
the  lower  thorax  will  be  followed  by  the 
return  of  abdominal  movements,  and  the  dis- 
appearance of  venous  distension. 

Thus,  vaso-motor  complication  may  be  masked 
by  pulmonic  congestion — one  of  the  components 
of  the  state  of  narcosis  — and  by  respiratory 
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overdose  or  mechanical  obstruction  during 
anaesthesia.  When  it  occurs  during  any  one 
or  a combination  of  any  two  or  all  of  these 
abnormal  conditions,  the  resulting  state  will 
be  either  a practically  simultaneous  disappear- 
ance of  the  radial  pulse  and  respiratory  move- 
ment, or  the  pulse  disappears  first  and  is 

followed  by  very  rapid  arrest  of  respiratory 
movements.  The  phenomena  of  pulse -failure 
and  respiratory  arrest  in  such  contingencies 
are  not  single  or  isolated,  but  members  of 

two  sets  or  states  of  complication  which 

oppose  each  other.  It  would  be,  therefore, 
logically  erroneous  to  regard  them  as  individual 
or  even  as  the  fundamental  phenomena  of  the 
physiological  action  of  CHC13,  without  disprov- 
ing that  the  abnormal  condition  of  alveolar 
obstruction,  which  is  the  common  result  of 
pulmonic  congestion,  mechanical  obstruction, 
and  respiratory  overdose,  has  no  subsequent 
influence  on  the  recovery  of  the  cardiac 

function,  as  well  as  that  those  several  causes 
have  no  influence  in  the  production  of  respira- 
tory arrest. 

Reflex  stimulation  of  the  vaso-motor  centre 
is  not  in  normal  conditions  associated  with 
danger,  and  its  principal  result — viz.,  diversion 
of  the  blood  into  the  portal  system,  is  auto- 
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matically  removed.  In  CHCl3-anaesthesia  the 
complication  pursues  its  normal  course,  except 
in  those  instances  in  which  it  is  temporarily 
interrupted  by  respiratory  overdose  or  mechan- 
ical obstruction,  which  are  easily  put  out  of 
operation.  But  when  it  occurs  during  CHC13- 
narcosis,  the  abnormal  condition  of  the  alveolar 
circulation,  which  in  itself  is  not  immediately 
dangerous  if  uncomplicated,  will  become  so 
relatively  to  the  change  in  the  distribution  of 
the  blood.  Thus,  neither  the  limited  degree 
of  narcosis  nor  vaso  - motor  complication  is 
able  to  cause  permanent  arrest  of  the  heart’s 
action.  But  their  opposed  action  tends  to 
do  so,  and  will  actually  effect  it,  unless  relief 
is  given  to  the  embarrassed  condition  of  the 
heart  within  an  interval,  the  length  of  which 
is  determined  by,  i,  the  initial  power  of  its  re- 
sistance ; and,  2,  the  degree  of  exhaustion  to 
which  it  has  been  subjected. 

There  are  two  sets  of  phenomena  associated 
with  primary  fall  of  blood-pressure.  The  one 
is  derived  from  reflex  stimulation  of  the  vaso- 
motor centre,  the  other  from  cardiac  syncope. 
In  anaesthesia  there  is  no  difficulty  in  distin- 
guishing between  these  states,  because  the  dif- 
ferentiating factor — viz.,  the  abnormal  action 
of  the  respiratory  machine — is  the  simple  result 
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of  the  complicatory  cause.  In  narcosis,  how- 
ever, there  is  a difficulty,  arising  from  the 
additional  disturbance  which  is  induced  in  the 
action  of  the  respiratory  machine  by  a cause 
which  is  independent  of  the  complicatory  one. 
In  these  instances  the  differentiation  can  only 
be  made  with  the  assistance  of  artificial  res- 
piration : i,  if  recovery  is  effected,  and  the 
pulse  regains  its  natural  strength,  it  will  follow 
that  the  heart  has  not  been  directly  affected 
by  CHC13;  2,  if,  on  the  contrary,  recovery 
does  not  take  place,  the  natural  condition  of 
the  heart  may  be  normal  or  abnormal.  The 
evidence  of  the  cardiac  origin  of  the  fall  of 
blood- pressure  will  be  forthcoming  in  some 
local  abnormality  of  the  heart. 

§ 72.  Isolation  of  the  phenomena  of  the  physio- 
logical action  of  CHCls. — The  error  underlying 
the  treatment  of  the  CHCl3-problem  consists  in 
the  arbitrary  separation  of  prominent  phenomena 
from  their  intimate  surroundings.  Conclusions 
are  drawn  from  an  individual  phenomenon — 
always  a precarious  logical  procedure — and  not 
from  a set  of  phenomena  or  a “ state.”  The 
selected  phenomenon  may  chance  to  be  the 
fundamental  one.  But  there  is  no  assurance 
that  it  is  so.  Thus  in  the  case  of  pallor  : it  is  a 
direct  manifestation  of  reflex  stimulation  of  the 
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vaso-motor  centre ; it  is  also  a direct  result  of 
primary  cardiac  syncope ; again,  it  is  a second- 
ary result  of  stomachic  inhibition  of  the  res- 
piratory centre.  It  will  be  obviously  impossible 
to  conclude  from  pallor  alone,  without  the 
assistance  of  the  phenomena  accompanying  it. 
And  the  irregularity  which  has  been  ascribed 
to  the  action  of  CHC13  is  thus  traced  to  one 
of  its  sources  in  the  action  of  different  causes 
acting  simultaneously  with  it.  But  as  in  other 
spheres,  so  in  that  of  CHC13,  as  much  help 
can  be  derived  from  the  study  of  minor  as  of 
major  degrees  of  intensity  of  the  same  phe- 
nomenon. Such  help,  however,  will  be  pre- 
cluded by  the  use  of  the  higher  degrees  of 
CHC13- action.  For  these  not  only  mask  the 
complication  at  its  first  appearance,  but  they 
also  tend  to  interrupt  its  natural  progress.  As 
the  consequence  of  such  interruption,  respiratory 
arrest  or  pulse-failure  may  occur.  Now,  the 
circumstances  under  which  these  phenomena 
appear  are  not  uniform.  Their  mode  of  onset 
varies.  The  phenomena  accompanying  them 
vary.  The  antecedent  conditions  of  the  com- 
ponents of  the  respiratory  and  circulatory 
systems  and  of  the  pupil  vary.  And  the  phe- 
nomena subsequent  to  their  appearance  vary. 
But  notwithstanding  all  these  variations,  the 
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arrest  of  action  of  the  respiratory  machine  is 
ascribed  to  paralysis  of  the  respiratory  centre, 
and  pulse  - failure  to  the  peculiar  action  of 
CHClg  on  the  heart.  All  instances  of  these 
phenomena  are  arbitrarily  assumed  to  be  of 
the  same  nature.  They  are  not,  as  they  should 
be,  classified  into  groups  according  to  the 
greater  or  less  resemblance  of  the  characters 
which  they  possess  in  common.  There  is  no 
explanation  of  the  difference  in  the  size  of 
the  pupil  accompanying  respiratory  arrest.  And 
some  causal  factors  are  actually  present,  and 
yet  their  significance  is  either  ignored  or  else 
they  are  excluded  as  being  unequal  to  produce 
the  phenomenon  under  investigation.  But  in 
the  case  of  arrest  of  respiratory  movements, 
the  question  has,  first  of  all,  to  be  decided, 
What  are  the  phenomena  that  are  associated 
with  paralysis  of  the  respiratory  centre? — i.e.t 
what  is  the  conduct  of  the  circulatory  system, 
and  what  is  the  attitude  of  the  pupil  in  that 
(assumed)  abnormal  condition  ? 

Confusion  will  necessarily  arise  if  no  dis- 
crimination is  made  between  different  causes 
producing  the  same  result.  CHC13  may  cause, 
but  only  under  certain  circumstances,  either 
arrest  of  the  action  of  the  respiratory  machine 
or  pulse-failure.  But  it  has  not  been  proved  to 
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act  directly  either  upon  the  respiratory  centre 
or  upon  the  heart.  On  the  other  hand,  respir- 
atory arrest  and  pulse-failure  may  be  caused  by 
agents  independently  of  CHC13- action  while 
operating  simultaneously  with  it.  And  the 
nature  of  their  causation  is  known  to  be  direct. 
It  will  be  essential,  therefore,  that  the  set  of 
phenomena,  and  the  variations  which  each  of 
its  components  undergo,  in  the  successive  stages 
of  CHCl3-narcosis,  be  known,  in  order  to  avoid 
the  error  of  ascribing  to  it  results  which  proceed 
from  other  causes. 

But  confusion  will  be  increased  by  treating 
those  instances  of  respiratory  arrest  or  pulse- 
failure  as  of  simple  origin  which  are  actually 
due  to  a combination  of  causal  factors,  one  of 
which  is  a CHCl3-product.  In  such  complex 
instances  it  becomes  necessary,  in  order  to 
avoid  the  error  of  ascribing  the  whole  when 
only  a part  of  the  result  is  due  to  the  action 
of  CHC13,  to  analyse  the  complex  phenomenon 
into  its  simple  components,  and  to  isolate  the 
one  which  is  of  CHCl3-origin.  Thus  the  part 
acted  by  it  in  combined  causation  will  be  de- 
fined. Lastly,  the  CHCl3-result  is  referred 
either  to  its  negative,  physical,  or  physiological 
action. 

The  first  stage  in  the  solution  of  the  CHC13- 
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problem  is  thus  completed.  It  is  concerned 
with  the  removal  of  phenomena  which  do  not 
belong  to  it.  The  means  by  which  this  is 
effected  are,  i,  the  normal  induction  of  anaes- 
thesia; and,  2,  the  maintenance  of  the  constant 
state  of  normal  anaesthesia.  For  it  is  clear  that 
abnormalities  deriving  from  causes  operating  sim- 
ultaneously with,  but  independently  of,  CHC13, 
can  only  be  isolated  if  the  results  of  the  latter 
are  defined.  The  second  stage  consists  in  the 
examination  of  the  phenomena  which  are  asso- 
ciated respectively  with  the  lowest  degree  of 
CHClj-  action  or  anaesthesia,  and  its  higher 
degrees  or  the  different  degrees  of  narcosis. 
The  results  of  the  examination  lead  to  the 
performance  of  certain  experiments.  And  upon 
conclusions  derived  from  these  the  theory  of 
the  physiological  action  of  CHC13  is  founded. 


PART  IV. 

THE  THEORY  OF  THE  PHYSIOLOGICAL 
ACTION  OF  CHCI3. 

§ 73.  Pure  CHCl3-results. — The  CHCl3-problem 
is  complicated  by  two  difficulties,  one  of  which 
is  extrinsic  and  the  other  intrinsic. 

The  extrinsic  difficulty  consists  in  the  inclu- 
sion of  phenomena  which  either  do  not  belong 
to  CHCI3,  or  else  are  only  its  partial  results. 
Thus  arrest  of  respiratory  movements  may  be 
caused  by  several  different  agents  acting  col- 
laterally with,  but  independently  of,  CHC13. 
It  may  also  be  caused  by  the  combined  action 
of  CHC13  with  a complicatory  cause.  And  it 
may  be  the  result  of  CHCl3-action  which  causes 
it  in  two  different  ways.  It  will  be  essential, 
therefore,  to  exclude  simple  non-CHCl3-results  ; 
and  in  the  case  of  complex  results,  of  which 
CHC13  is  one  of  the  causal  factors,  to  isolate 
the  part  which  it  plays  in  their  production. 
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The  intrinsic  difficulty  consists  in  not  dis- 
tinguishing between  the  physical  and  physio- 
logical action  of  CHC13.  Arrest  of  respiratory 
movements  is  caused,  under  favourable  circum- 
stances, by  its  physical  action  alone.  It  is 
obvious,  therefore,  that  before  arrest  of  res- 
piratory movements  can  be  ascribed  to  the 
physiological  action  of  CHC13,  the  result  of  its 
physical  action  is  to  be  excluded ; and  that 
in  case  those  two  different  actions  combine  to 
cause  a complex  respiratory  arrest,  their  degrees 
are  severally  to  be  isolated,  and  the  influence 
which  each  exercises  on  the  result  defined. 
The  exclusion  of,  i,  causes  acting  independently 
of  CHC13,  and,  2,  its  physical  action,  removes 
obstacles  in  the  investigation  of  the  relation 
between  the  physiological  action  of  CHC13  and 
the  causation  of  some  instances  of  respiratory 
arrest. 

Similarly,  all  the  other  pure  results  of  the 
physiological  action  of  CHC13  in  its  different 
degrees  are  isolated.  The  scope  of  the  inquiry 
is  then  extended  to  the  determination  of  the 
relation  which  these  results  have,  in  the  first 
place,  to  each  other,  and  in  the  second,  to  the 
action  of  CHC13.  Differentiation  is  made  be- 
tween direct  and  indirect  results.  The  isola- 
tion of  the  former  leads  to  the  detection  of 
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the  effect  of  CHCl3-action.  In  respect  of  the 
latter  a result,  more  or  less  intimately  related 
to  CHC13- action,  is  shown  to  be  an  intermediate 
cause  whose  direct  result  has  dangerous  tend- 
encies. If,  now,  an  indirect  is  mistaken  for 
a direct  result  of  CHCl3-action,  it  follows  that 
all  inferences  derived  therefrom  are  necessarily 
fallacious. 

§ 74.  The  different  degrees  of  CHClz-  action. — 
The  degree  of  its  physiological  action  varies 
according  to  the  amount  of  CHC13  which  is 
absorbed  into  the  blood.  The  quantity  of  the 
cause  determines  the  amount  of  the  effect 
which  it  produces.  But  the  effect  itself  is  not 
separately  manifested : for  a cause  acts  upon 
some  form  of  matter  which  is  in  either  an 
active  or  passive  condition.  The  influence  of 
the  part  which  is  affected  by  CHC13  enters, 
therefore,  into  the  result,  which  is  the  mani- 
festation of  its  action.  It  is  important  not  to 
mistake  the  “ result  ” for  the  “ effect  ” of  a 
cause.  The  part  acted  upon  may  be  for  all 
practical  purposes  constant.  On  the  other 
hand,  it  may  be  a variant.  So  that  in  some 
instances  less  of  the  cause  is  able  to  produce 
the  same  degree  of  result  than  in  others. 

The  importance  of  this  analysis  of  the  result 
into,  1,  the  effect  of  the  cause,  and,  2,  the 
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influence  of  the  part  acted  upon,  is  not  so 
obvious  in  the  case  of  variations  of  the  action 
of  the  respiratory  centre  or  of  the  normal 
heart.  But  it  is  fundamental  in  the  case  of 
the  blood,  which  presents  initial  differences 
both  in  quantity  and  quality.  Thus,  an  agent 
acting  on  the  respiratory  centre  so  as  to  in- 
crease its  activity,  may  be  said  to  be  responsible 
for  the  whole  of  the  resulting  accelerated  action 
of  the  respiratory  machine — i.e .,  the  condition 
of  the  centre  does  not  modify  the  result.  Here 
result  and  effect  may  be  regarded  as  practically 
synonymous.  And  they  will  remain  so,  pro- 
vided the  condition  of  the  respiratory  centre 
does  not  undergo  any  change.  In  the  case  of 
the  blood,  however,  there  is  no  such  initial 
stability  of  condition  as  is  presented  by  the 
centre  of  respiration.  The  influence  of  the 
blood,  in  opposing  less  or  greater  resistance 
to  the  effect  of  a cause  acting  upon  it,  thus 
becomes  an  important  factor  in  the  determin- 
ation of  the  result.  And  its  value  is  to  be 
accurately  estimated. 

The  anaesthetic  degree  of  CHCl3-action  (which 
is  not  constant  for  all  subjects,  but  varies  ac- 
cording to  the  quantity  and  quality  of  the  blood) 
is  always  associated  with  the  same  set  of  phe- 
nomena. These  form  a state  of  the  subject  to 
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which  the  term  anaesthesia  is  restricted.  Higher 
degrees  than  the  anaesthetic  are  called  narcotic, 
and  the  corresponding  states  of  narcosis  are 
differentiated  as  to  their  degree  by  the  degree 
of  dilatation  of  the  pupil.  Comparisons  insti- 
tuted between  the  states  of  anaesthesia  and 
narcosis  on  the  one  hand,  and  on  the  other 
between  different  degrees  of  the  latter,  lead  to 
the  acquisition  of  data  which  are  auxiliary  to 
the  isolation  of  the  effect  of  CHC13. 

In  order  to  reach  the  blood,  which  is  the 
seat  of  its  action,  CHC13  mixed  with  air  is 
conveyed  by  the  act  of  inspiration  to  the  ter- 
minal bronchioles,  whence  it  is  diffused  into 
the  alveolar  region.  The  displacement  of  a 
proportion  of  air  in  the  mixed  atmosphere 
breathed  tends  to  impair  the  function  of  aera- 
tion. In  anaesthesia,  this  tendency  is  counter- 
acted by  the  increased  activity  of  the  respiratory 
machine,  following  upon  stimulation  of  the  res- 
piratory centre.  The  stimulus  is  either  a dim- 
inution of  the  normal  volume  of  oxygen,  or  an 
increase  of  C02  in  the  blood.  Sufficient  oxygen 
is  thus  automatically  supplied  to  attain  the 
object  of  normal  respiration — viz.,  the  normal 
aeration  of  the  blood.  It  is  possible  that  there 
may  be  in  anaesthesia  a slight  discoloration  of 
the  blood.  But  if  there  is,  it  is  indistinguish- 
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able  by  the  naked  eye.  It  is  also  possible  that 
oxygen  within  a given  limit  may  be  abstracted 
from  the  blood  without  producing  a change  of 
its  colour. 

But  in  narcosis,  the  result  of  the  amount  of 
air  displaced  by  CHC13  upon  the  function  of 
aeration  is  not  counteracted  by  the  increased 
activity  of  the  respiratory  machine.  The  func- 
tion of  aeration  is  consequently  impaired,  and 
the  degree  of  its  impairment  is  measured  by  the 
degree  of  the  discoloration  of  the  blood. 

Thus  the  negative  action  of  CHC13  comes  to 
play  a very  important  part  in  the  production  of 
the  state  of  narcosis.  Its  results,  consequently, 
will  have  to  be  taken  into  consideration  and 
separated  from  the  purely  physiological  results 
of  the  narcotic  degree  of  CHCl3-action.  For 
it  is  impossible  to  produce  the  latter  without 
at  the  same  time  bringing  the  former  into 
operation.  The  results  of  the  negative  action 
of  CHC13  are — i,  distension  of  the  pulmonic 
artery ; 2,  stimulation  of  the  respiratory  centre ; 
and,  3,  nutritional  interference,  consisting  of  a 
diminution  of  the  normal  supply  of  oxygen  to 
the  tissues  generally. 

§ 75.  The  induction  of  anaesthesia. — The  pro- 
portion of  CHC13  in  the  CHCl3-air  atmos- 
phere is  gradually  but  progressively  raised  from 


73 


PHYSIOLOGICAL  ACTION  OF  CIICl3. 

the  minimum  to  the  maximum.  The  physical 
action  of  CHC13  is  counteracted  by  the  use  of 
small  amounts,  repeated  at  frequent  intervals. 
And  the  introduction  of  error  into  the  result 
from  this  source  is  thus  avoided. 

In  a typical  example  the  frequency  of  respira- 
tion is  immediately  accelerated.  The  degree  of 
acceleration  increases  in  a direct  proportion  to 
the  increase  of  the  CHCl3-constituent  of  the 
CHCl3-air  atmosphere.  And  as  the  frequency 
tends  to  increase,  the  character  of  the  respira- 
tory movements  tends  to  become  regular.  In 
the  course  of  the  accelerated  and  regular  action 
of  the  respiratory  machine,  the  pupil  tends  to 
contract.  The  rate  of  contraction  is  gradual 
and  progressive  up  to  the  lowest  degree — 
viz.,  the  pin-point  pupil.  Coincident  with  the 
appearance  of  the  pin-point  pupil,  the  char- 
acter of  the  action  of  the  respiratory  machine 
presents  a sudden  change.  Its  range  becomes 
increased,  the  individual  movements  are  equal, 
and  the  rhythm  is  regular.  Automatic  respira- 
tion, the  fundamental  sign  of  unconsciousness, 
is  attained. 

There  is  no  alteration  in  the  colour  of  the 
complexion.  And  the  pulse  is  slightly  increased 
in  frequency. 

But  all  examples  are  not  typical.  Variations 
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of  the  action  of  the  respiratory  machine  may 
occur  early  or  late  in  the  course  of  inducing 
anaesthesia.  Thus  its  range  may  become  re- 
duced by  voluntary  inhibition  of  the  function 
of  the  respiratory  centre.  The  temporary 
variation  does  not  preclude  but  determines  a 
corresponding  modification  in  the  management 
of  the  CHClg-air  atmosphere.  If,  therefore,  the 
action  of  the  respiratory  centre  continues  in  a 
condition  of  inhibition  during  the  administration 
of  CHC13,  the  conclusion  is  that,  whatever  the 
influence  of  the  latter  may  be,  whether  direct 
or  indirect,  its  effect  on  the  centre  is  less  power- 
ful than  that  of  volition. 

Again,  the  action  of  the  respiratory  machine 
may  become  obstructed.  This  complication 
arises  from  a fault  in  the  method  of  administra- 
tion. Though  small  quantities  of  CHC13  are 
used  at  frequent  intervals,  in  order  to  prevent  the 
occurrence  of  a respiratory  overdose,  it  neverthe- 
less results  from  error  in  estimating  the  length 
of  the  interval.  And  as  temperature  determines 
the  rate  of  evaporation  of  CHC13,  the  error  is 
more  prone  to  be  committed  in  hot  than  cold 
weather.  The  indications  of  commencing  res- 
piratory overdose  are,  1,  diminution  in  the  range 
and  frequency  of  respiratory  movements,  and, 
2,  duskiness.  They  tend  to  undergo  reduction 
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when  the  proportion  of  CHC13  in  the  CHCl3-air 
atmosphere  is  diminished.  And  they  disappear 
when  the  proportion  of  CHC13  reaches  its 
normal  amount,  the  range  and  frequency  of  the 
action  of  the  respiratory  machine  being  then 
normal. 

This  complication  presents  diminished  fre- 
quency of  respiration,  associated  with  more 
than  the  normal  proportion  of  CHC13.  Res- 
piratory frequency  is  determined  by  change 
induced  in  the  respiratory  centre.  But  in  the 
former  complication  diminished  frequency  of 
respiration  accompanies  less  than  the  normal 
proportion  of  CHC13.  It  is  impossible,  there- 
fore, that  CHC13  should  cause  both  these 
variations  in  respiratory  frequency  through  its 
direct  influence  on  the  respiratory  centre.  But 
it  is  possible  that  it  does  not  cause  either  of 
them  through  the  same  channel. 

§ 76.  Phenomena  of  normal  ancesthesia. — The 
onset  of  automatic  respiration  is  accompanied 
by  the  following  phenomena:  1,  increased 

frequency  of  respiration,  28 ; 2,  efficient  action 
of  the  respiratory  machine,  indicated  by  the 
normal  colour  of  the  blood ; 3,  the  contracted 
or  pin-point  pupil;  4,  muscle-relaxation;  5, 
slight  increase  in  frequency  of  the  pulse, 
M.  73,  F.  75. 
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At  the  commencement  of  the  state  of  normal 
anaesthesia  there  is  no  appreciable  alteration  in 
muscle-tone,  and  sensori-motor  reflex-action 
is  normal.  The  first  phenomenon  to  appear  is 
acceleration  of  respiratory  frequency. 

A cause  in  operation  is  at  once  followed  by 
its  effect  upon  the  part  which  is  the  seat  of  its 
action.  In  the  case  of  CHC13  there  is  this 
difficulty.  It  can  only  be  administered  with 
air,  and  therefore  a certain  portion  of  air  is 
necessarily  displaced  in  the  process.  But  the 
displacement  of  air  results  in  the  absorption 
of  less  than  the  normal  quantity  of  oxygen. 
And  a diminution  of  the  normal  volume  of 
oxygen  in  the  blood  is  invariably  associated 
with,  and  is  a possible  cause  of,  stimulation 
of  the  respiratory  centre.  Thus  the  negative 
action  of  CHC13  will  supply  a reason  for  the 
acceleration  of  respiratory  frequency.  But  this 
does  not  preclude  the  possibility  of  CHC13  also 
acting  as  a respiratory  stimulant,  on  the  supposi- 
tion that  it  is  taken  into  the  blood  and  carried 
to  the  respiratory  centre.  The  results,  however, 
of  experimentally  increasing  or  diminishing  the 
amount  of  CHC13  are  nullified  by  the  following 
circumstance  : the  variation  affecting  the  CHC13- 
constituent  is  associated  with  a corresponding 
variation  of  the  quantity  of  air.  Thus,  if  the 
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proportion  of  CHC13  be  increased,  there  will 
be  an  additional  increase  to  the  accelerated 
frequency  of  respiration ; but  at  the  same  time 
there  will  be  a further  reduction  of  oxygen  in 
the  blood.  And  if  the  proportion  of  CHC13  be 
diminished,  there  will  be  a proportionate  reduc- 
tion of  respiratory  frequency;  but  at  the  same 
time  there  will  be  a corresponding  increase  of 
the  volume  of  oxygen  in  the  blood.  The  question 
whether  CHC13  has  a direct  or  indirect  action 
on  the  respiratory  centre  is  thus  unanswerable 
by  reason  of  its  negative  action.  The  only  direct 
way  by  which  it  can  be  determined  is  to  estimate 
the  amount  of  air  which  is  displaced  by  the 
vapour  of  CHC13,  and  ascertain  the  degree  of 
increased  frequency  which  it  produces.  Thus, 
if  the  amount  of  displaced  air  is  represented 
as  A,  and  the  degree  of  increased  frequency 
corresponding  to  it  as  y,  then,  if  the  amount 
of  CHC13  necessary  to  produce  A is  associated 
with  a greater  degree  of  respiratory  frequency 
than  y,  and  represented  as  #,  x—y  would  remain 
as  the  part  of  accelerated  respiration  properly 
belonging  to  the  physiological  action  of  CHC13. 
But  as  the  amount  of  air  displaced  by  the 
vapour  of  CHC13  is  at  present  an  impossible 
datum,  the  investigation  of  the  relation  be- 
tween the  physiological  action  of  CHC13  and 
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the  respiratory  centre  will  perforce  have  to  be 
conducted  by  indirect  channels. 

§ 77.  Variations  occurring  in  the  course  of 
normal  ancesthesia. — The  only  phenomena  re- 
maining constant  during  anaesthesia  are  the 
efficient  action  of  the  respiratory  machine  and 
its  consequent — viz.,  the  normal  colour  of  the 
blood.  The  phenomena  presenting  variations 
are — 1,  the  accelerated  respiration,  which  tends 
to  increase ; 2,  the  pulse,  which  also  tends  to 
increase  in  frequency;  3,  muscle-tone,  which 
tends  to  become  diminished;  and  4,  sensori- 
motor reflex-action. 

It  is  necessary  to  consider  the  relation  of 
these  several  variations  to  the  action  of  CHC13. 
After  the  induction  of  anaesthesia  there  is,  in 
normal  examples,  a period  of  comparative  sta- 
bility, lasting  for  30',  after  which  the  tendency 
to  variation  in  the  phenomena  above  enumer- 
ated will  be  manifested.  The  degree  of  the 
tendency,  however,  which  is  slight  at  the  com- 
mencement of  its  operancy,  does  not  remain 
constant,  but  gradually  increases  as  the  dura- 
tion of  anaesthesia  is  prolonged.  Thus  the 
respiration  and  pulse  become  more  accelerated, 
and  muscle-tone  and  sensori-motor  reflex-action 
become  more  abnormal  the  longer  the  anaes- 
thetic degree  of  CHCl3-action  is  continued; 
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and,  further,  the  degree  of  variation  in  the 
former  is  directly  proportionate  to  the  dura- 
tion of  the  latter. 

The  variation  in  the  frequency  of  the  pulse 
invariably  appears  after  variation  in  the  fre- 
quency of  the  respiration.  They  stand,  therefore, 
in  the  relation  of  antecedent  and  consequent. 

A diminution  of  normal  muscle-tone  obviously 
affects  the  results  obtained  by  stimulating  either 
the  motor-nerve  or  the  sensory-nerve  in  sensori- 
motor reflex-action.  Under  this  circumstance 
the  condition  of  the  nerve-centre  and  the  altered 
conductivity — if  there  be  any  change — of  the 
motor  and  sensory  nerves  remain  at  present 
unknown.  But  it  is  to  be  recollected  that  they 
do  not  present  any  change  from  the  normal 
in  the  first  stage  of  the  course  of  anaesthesia. 

These  two  variations — viz.,  of  respiratory 
frequency  and  of  muscle-tone — may  be  regarded 
as  being  most  intimately  connected  with  the 
prolonged  anaesthetic  degree  of  CHCl3-action. 
And  from  the  relation  subsisting  between  them, 
it  may  be  inferred  that  they  are  either  the 
results  of  the  same  cause,  which  is  CHC13 
itself  or  a CHCl3-result,  or  one  of  them  is  the 
cause  of  the  other. 

Now  it  is  found  necessary,  in  order  to 
maintain  the  state  of  normal  anaesthesia — i.e., 
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automatic  and  efficient  respiration  and  the 
contracted  pupil — to  progressively  diminish  the 
proportion  of  CHC13  in  the  CHCl3-air  atmos- 
phere which  is  administered.  For  the  amount 
of  CHC13  which  is  “anaesthetic”  for  a par- 
ticular stage,  becomes  “narcotic”  for  those 
stages  that  succeed  it,  the  degree  of  narcotic 
action  being  greater  the  further  it  is  removed 
from  the  stage  of  anaesthesia.  The  same  degree 
of  CHCl3-action  is  thus  perceived  to  be  eventu- 
ally associated  with  different  results.  One  of 
these  results  is  a tendency  to  respiratory  ac- 
celeration. On  the  other  hand,  if  the  same 
amount  of  CHC13  is  progressively  diminished, 
a similar  tendency  is  manifested.  But  there 
is  a characteristic  difference  in  the  rate  at 
which  increase  of  respiratory  frequency  pro- 
gresses in  these  different  examples.  The  rate 
of  increase  is  greater  in  those  instances  in  which 
the  amount  is  maintained  constant  than  in  those 
in  which  it  is  progressively  diminished. 

Now  the  same  amount  of  cause  is  followed 
by  the  same  amount  of  effect,  whatever  may  be 
the  condition  of  the  part  which  it  affects.  But 
in  the  case  of  CHC13,  the  same  degree  of  action, 
when  continued  beyond  a given  period,  is  as- 
sociated not  with  the  same  but  with  different 
results.  And  the  differences  are  manifested 
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both  by  the  degrees  of  the  phenomena  which 
are  already  in  existence — viz.,  respiratory  ac- 
celeration and  diminution  of  muscle-tone — and 
by  the  appearance  of  new  kinds — viz.,  the  dis- 
coloration of  the  blood  and  venous  distension. 

When  the  set  of  phenomena  or  “state” 
varies,  the  amount  of  the  cause  remaining  the 
same,  the  inference  is  that  some  part  acted 
upon  by  it  undergoes  a variation  of  its  condi- 
tion. For  the  components  of  the  result  are — 
i,  effect  of  the  cause  ; and,  2,  influence  of  the 
part  affected.  This  part,  which  may  be  the 
seat  of  the  direct  or  indirect  physiological 
action  of  CHC13,  thus  takes  a prominent  place 
in  the  solution  of  the  problem.  And  its  isola- 
tion becomes  the  object  of  investigation.  The 
variation  which  it  undergoes  in  offering  a 
gradual  but  progressive  diminution  of  resist- 
ance to  the  anaesthetic  degree  of  CHC13- action, 
forms  the  foundation  of  the  “ law  of  diminish- 
ing resistance.”  And  this  law  may  be  subsidiary 
to  the  discovery  of  the  physiological  action  of 
CHC13. 

§ 78.  Frequency  of  complications  during  the 
induction  and  maintenance  of  the  state  of  anes- 
thesia.— In  one  series  of  1000  consecutive  cases, 
complications  occurred  125  times.  They  do 
not  present  the  same  characters.  Nor  does 
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the  same  complication  always  present  the  same 
degree  of  severity.  The  phenomena  composing 
any  one  state  of  complication  do  not  invariably 
accompany  CHC13- action,  and  therefore  they 
cannot  logically  be  ascribed  to  it. 

There  are  three  possible  sources  of  the  dis- 
turbing factor : faulty  administration,  the  pres- 
ence of  a variant  condition,  and  the  intervention 
of  an  independent  cause  acting  simultaneously 
with  CHC13. 

The  method  of  administration  may  possess  an 
inherent  fault — e.g.,  the  Rapid  Method,  which 
induces  an  undue  degree  of  both  the  negative 
and  physical  action  of  CHC13.  Or  a fault  may 
appear  in  the  Graduated  Method,  which  is  de- 
signed to  limit  the  physiological  action  of 
CHC13  to  the  degree  of  anaesthesia — e.g.,  a 
temporary  respiratory  overdose  which  may  be 
of  sufficient  degree  to  cause  a temporary  arrest 
of  respiratory  movements  ; or  the  undue  pro- 
longation of  a given  degree  of  CHCl3-action 
beyond  its  proper  period — i.e.,  the  proportion  of 
CHC13  is  not  diminished  in  accordance  with  the 
law  of  diminishing  resistance,  and  consequently 
the  state  of  anaesthesia  is  replaced  by  relative 
narcosis. 

A variant  condition  of  one  of  the  components 
of  the  respiratory  machine  which  is  affected 
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by  the  negative  action  of  CHC13,  or  of  the  blood, 
which  is  affected  by  its  physiological  action, 
may  not  be  recognised.  If  the  details  of  the 
Graduated  Method  be  not  adapted  to  the  re- 
quirements of  the  variant  or  abnormal  condi- 
tion, the  result  will  be  abnormal.  And  it  will 
be  obviously  fallacious  to  explain  the  production 
of  the  abnormal  result  by  some  assumed  action 
of  CHClg,  when  it  is  determined  by  the  con- 
dition of  the  part  on  which  it  acts — e.g.,  the 
same  degree  of  CHCl3-action  which  is  associ- 
ated with  — for  there  is  no  evidence  as  yet 
adduced  in  support  of  the  conclusion  that  it 
directly  causes, — anaesthesia  in  one  individual 
is  associated  with  narcosis  in  another.  In  both 
the  amount  of  effect  produced  by  CHC13  is  the 
same.  But  the  degree  of  result  is  different  in 
each,  and  in  the  case  of  narcosis  some  new 
phenomena  are  added.  These  are  due  to  the 
negative  action  of  CHC13.  Its  negative  and 
physiological  actions  being  inseparably  associ- 
ated, the  analysis  of  their  respective  results  will 
be  necessary  in  order  to  avoid  the  error  of 
ascribing  the  results  of  negative  to  physiologi- 
cal action.  But  the  same  part  may  be  affected 
by  both  actions.  The  resulting  condition  of 
this  part  will  consequently  be  not  simple,  but 
complex. 
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There  is  a very  general  tendency  to  the  pro- 
duction of  complex  results  in  the  administration 
of  CHC13.  And  the  mistaking  a complex  for 
a simple  result  is  the  origin  of  much  of  the 
perplexity  that  follows  in  the  wake  of  deductive 
reasoning.  For  the  assumed  cause  is  found  to 
be  universally  insufficient  to  explain  the  result. 
Thus,  because  the  same  degree  of  CHC13- action 
is  associated  with  anaesthesia  in  one  condition 
of  the  blood  and  narcosis  in  another,  it  is 
not  therefore  to  be  assumed  that  its  physio- 
logical action  does  not  remain  the  same.  The 
misconception  concerning  that  action  will  be 
derived  from  fallacious  reasoning.  For  example  : 
the  result,  which  is  to  be  explained,  is  directly 
attributed  to  CHCl3-action.  But  no  demonstra- 
tive reason  is  brought  forward  to  prove  a direct 
relation  between  them.  On  the  other  hand,  it 
is  possible  that  the  relation  between  the  “ re- 
sult ” and  the  physiological  action  of  CHC13 
may  be  indirect.  The  effect  of  CHC13  upon 
the  part  which  it  acts  upon  may  produce  a 
direct  result  which  is  not  apparent,  but  which 
becomes  an  intermediate  cause  between  CHC13- 
action  and  the  (indirect)  result,  which  is  the 
object  under  causal  investigation.  In  the  case 
of  a complex  result,  it  will  be  essential  to 
analyse  it  into  its  components;  and  in  that  of 
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indirect  causation,  to  isolate  the  intermediate 
cause. 

A third  source  of  disturbance  in  the  course 
of  CHClg-action  is  the  appearance  of  a cause 
which  is  independent  of  it.  Where  two  causes 
are  simultaneously  in  operation,  and  they  exert 
a direct  or  indirect  influence  on  the  same  part, 
it  is  necessary  to  standardise  the  result  upon  it 
of  the  action  of  one  of  them,  so  as  to  be  able 
to  determine  that  of  the  other.  In  the  case 
of  a complication  occurring  during  CHC13- 
action,  this  will  be  effected  by,  1,  the  normal 
method  of  inducing  anaesthesia;  and,  2,  the 
maintenance  of  the  state  of  normal  anaesthesia. 
The  same  set  of  phenomena  and  the  same  pro- 
gressive changes  which  they  undergo  are  found 
to  be  present  in  the  majority  of  examples.  In 
a small  proportion,  however,  abnormality  ap- 
pears. For  example,  towards  the  approach  of 
anaesthesia  sudden  arrest  of  respiratory  move- 
ments occurs.  The  antecedent  phenomena  have 
pursued  their  normal  course.  The  “ arrest  ” 
therefore  takes  place  under  normal  conditions 
of  the  respiratory  and  circulatory  system,  and 
of  the  pupil.  And  its  incidence  is  observed  : it 
is  at  the  end  of  expiration.  The  duration  of 
the  phenomenon  extends  over  a period  of  a few 
seconds,  during  which  the  results  of  impairment 
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of  the  function  of  aeration,  progressively  in- 
creasing, are  manifested.  At  the  end  of  that 
period  the  function  of  the  respiratory  centre 
is  spontaneously  resumed.  This  is  an  instance 
of  the  voluntary  arrest  of  the  action  of  the 
respiratory  centre  occurring  under  the  most 
favourable  circumstances.  Again,  in  the  course 
of  normal  anaesthesia  there  is  a sudden  mani- 
festation of  pallor.  It  is  associated  with  the 
disappearance  of  the  pulse.  The  administration 
of  the  CHCl3-air  atmosphere  is  discontinued. 
The  displaced  base  of  the  tongue  is  replaced 
in  its  normal  position  so  as  to  assist  the  de- 
clining action  of  the  respiratory  machine.  After 
it  has  reached  its  lowest  limit,  the  action  of 
the  respiratory  machine  is  resumed,  and  gradu- 
ally returns  to  the  normal.  In  the  course  of 
this  return  the  pulse  becomes  perceptible.  The 
strength  of  the  pulse  increases  in  direct  pro- 
portion to  the  increasing  vigour  of  the  respir- 
atory movements,  and  eventually  reaches  the 
normal,  when  the  administration  of  CHC13  is 
resumed.  These  instances  of  primary  arrest 
of  respiratory  movements  and  primary  fall  of 
blood-pressure  occurring,  as  they  do  occasion- 
ally during  the  anaesthetic  degree  of  CHC13- 
action,  can  in  no  wise  be  ascribed  to  that 
action.  They  do  not  possess  the  invariable  re- 
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lationship  of  antecedent  and  consequent.  And 
as  no  cause  alters  the  kind  of  its  effect  in  the 
progress  of  its  operation,  though  its  sphere  of 
action  may  be  diverted,  it  follows  that  some 
disturbing  factor  intervenes  to  produce  the 
abnormal  phenomenon.  The  causation  of  oc- 
casional phenomena  forms,  therefore,  the  sub- 
ject of  inductive  investigation.  All  the  possible 
causes  of  a given  phenomenon  are  to  be  isolated. 
And  what  the  cause  of  an  abnormal  phenomenon 
is  in  a given  example  possessing  it,  is  to  be 
determined  by  inductive  reasoning. 

The  action  of  a natural  cause,  as  of  reflex 
stimulation  of  the  sympathetic  nerve  or  direct 
stomachic  disturbance,  is  uninterrupted  by  the 
anaesthetic  degree  of  CHCl3-action.  But  not 
only  is  it  interrupted  by  the  narcotic  degree 
of  that  action,  but  its  manifestations  are  also 
obscured.  Thus,  a fall  of  blood-pressure  occur- 
ring during  the  state  of  narcosis  as  the  conse- 
quence of  reflex  stimulation  of  the  vaso-motor 
centre,  is  associated  with  not  a decline  but  a 
rapid  arrest  of  the  action  of  the  respiratory 
machine.  The  rate  at  which  the  blood  returns 
from  the  portal  to  the  main  circulation  is  de- 
termined by  the  condition  of  the  lungs.  As 
these  are  congested  the  rate  will  be  diminished, 
and  if  the  degree  of  congestion  be  great,  the 
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return  of  the  blood  will  be  temporarily  inter- 
rupted (during  the  interval  of  artificial  respira- 
tion). Besides,  the  impediment  provided  by  the 
obstructed  alveolar  circulation  reacts  prejudi- 
cially upon  the  natural  recovery  of  the  cardiac 
function  from  a condition  of  reduced  action,  the 
consequence  of  primary  fall  of  blood -pressure, 
and  induced  when  the  right  ventricle  is  distended 
and  the  left  insufficiently  supplied  with  blood. 
Thus  the  results  upon  the  heart  and  the  res- 
piratory machine  are  complex.  There  is  a 
degree  of  pulmonic  congestion  present  when 
the  respiratory  centre  is  sympathetically  affected 
by  stimulation  of  the  vaso-motor  centre.  The 
abnormal  state  of  the  respiratory  machine  modi- 
fies the  abnormal  action  of  the  centre.  The 
condition  of  the  heart  is  abnormal  at  the 
moment  when  its  function  is  secondarily  re- 
duced, in  severe  degrees  of  reflex  stimulation 
of  the  vaso-motor  centre,  to  a minimum.  After 
it  has  adapted  itself  to  its  new  surroundings 
it  begins  to  recover  its  function.  But  the  rate 
of  its  recovery  is  gradual  and  progressive.  And 
thus  when  the  contraction  of  the  right  ventricle 
is  of  slight  range,  it  will  be  opposed  by  increased 
tension  of  the  pulmonic  artery. 

This  example  would  tend  to  introduce  error 
into  the  study  of  CHCl3-action,  unless  all  the 
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data  which  are  involved  in  it  are  analysed. 
First,  there  is  the  occurrence  of  a complication 
during  CHCl3-narcosis.  Secondly,  there  is  the 
determination  of  the  influence  which  is  exerted 
by  the  state  of  narcosis  upon  the  resultant  con- 
dition of  the  heart  and  respiratory  machine. 
Thirdly,  there  is  the  isolation  of  the  component 
of  the  state  of  narcosis — viz.,  physiological  pul- 
monic congestion,  which  exerts  that  influence. 
And  fourthly,  the  question  is  presented,  What 
is  the  relation  between  pulmonic  congestion  and 
the  action  of  CHC13?  Now  there  is  no  posi- 
tive relation  between  them.  Pulmonic  con- 
gestion is  the  direct  result  of  the  negative  action 
of  CHC13.  Failure  in  the  analysis  of  this  and 
other  kinds  of  complex  states  led  to  the  con- 
struction of  an  unsound  hypothesis  regarding 
the  physiological  action  of  CHC13.  It  was 
assumed  to  cause  positive  results  which  do  not 
belong  to  it. 

§ 79.  CHCl3-  narcosis.  — The  occurrence  of 
examples  which  resemble,  but  are  not  identical 
with,  CHC13- narcosis,  renders  their  exclusion 
necessary  in  determining  the  phenomena  of 
the  latter.  These  examples  derive  from,  1, 
mechanical  obstruction ; or,  2,  respiratory  over- 
dose which  may  intervene  (a)  during  the  in- 
duction of  unconsciousness  with  the  normal  or 
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anaesthetic  proportion  of  CHC13,  or  ( b ) during 
the  course  of  normal  anaesthesia.  They  are 
states,  not  of  simple  CHC13- unconsciousness,  but 
of  mixed  unconsciousness  resulting  from  the 
temporary  intervention  of  the  physical  action 
of  CHC13  in  the  abnormal  circumstance  of  res- 
piratory obstruction.  Respiratory  obstruction 
produces  an  altered  state  of  the  blood,  the 
proportion  of  oxygen  being  diminished,  and 
that  of  C02  increased.  This  abnormal  condi- 
tion of  the  blood  may  be  associated  with  a less 
than  the  anaesthetic  degree  of  CHCl3-action. 
But  the  combined  action  of  respiratory  obstruc- 
tion and  CHC13  in  less  than  the  anaesthetic 
amount  produces  an  unstable  form  of  uncon- 
sciousness. The  application  of  a moderately 
strong  sensory  stimulus  will  in  these  circum- 
stances be  followed  by  the  quick  recovery  of 
some  degree  of  consciousness.  The  result  upon 
the  cerebral  centres  not  being  a pure  CHC13- 
result,  but  the  suspension  of  their  functions 
being  partially  effected  by  an  agency — viz., 
— OXy  or  +C02  blood  (which  is  known  to  be 
unable  to  produce  a stable  form  of  unconscious- 
ness)— they  do  not  completely  withstand  the 
influence  of  sensory  stimuli.  Hence  the  neces- 
sity to  differentiate  between  the  several  degrees 
of  action  of  these  two  causal  factors  when  they 
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are  concerned  in  the  production  of  mixed  un- 
consciousness. The  presence  of  the  contracted 
pupil  is  an  indication  that  there  is  no  blood- 
overdose  of  CHCI3.  But  no  other  conclusion 
as  to  the  degree  of  CHC13- action  can  be  drawn 
from  it,  for  CHC13  may  be  acting  in  less  than 
or  in  the  anaesthetic  amount.  If,  however,  the 
pupil  is  dilated,  the  indication  will  be  that 
CHC13  is  present  in  narcotic  amount ; but  the 
degree  of  narcosis  cannot  be  determined  by  the 
degree  of  dilatation  of  the  pupil  while  the 
obstruction  remains.  For  the  dilated  pupil 
is  a mixed  result  of,  1,  narcotic  degree  of 
CHCl3-action ; and,  2,  respiratory  obstruction. 
On  the  removal  of  the  latter,  the  pupil  will  be 
rapidly  reduced  to  the  degree  of  dilatation  cor- 
responding to  the  degree  of  narcosis. 

The  data  for  the  study  of  the  phenomena  of 
the  state  of  CHCl3-narcosis  are,  1,  initial  normal 
conditions  of  the  respiratory  machine  and  the 
blood ; and,  2,  the  maintenance  throughout  the 
course  of  the  experiments  of  the  normal  patency 
of  the  air-way.  The  CHCl3-air  atmosphere  is 
kept  as  far  as  is  possible  constant  by  the  addition 
of  a given  measured  amount  at  intervals  of  20", 
so  as  to  prevent  the  appearance  of  a temporary 
respiratory  overdose,  consequent  upon  the  use 
of  unduly  large  amounts  at  longer  intervals. 
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The  components  of  the  state  of  CHC13- narcosis 
are  thus  isolated,  and  are  as  follows : i,  auto- 
matic respiration ; 2,  increased  frequency  of 
respiration,  greater  than  in  anaesthesia ; 3,  in- 
creased action  of  the  respiratory  machine,  as- 
sociated with  impairment  of  the  function  of 
aeration ; 4,  discoloration  of  the  blood ; 5, 
venous  distension ; 6,  diminution  in  the  fre- 
quency and  increase  in  the  strength  of  the 
cardiac  contractions ; 7,  diminution  of  muscle- 
tone,  affecting  sensori-motor  reflex-action ; and, 
8,  dilatation  of  the  pupil,  which  is  less  than 
normally  sensitive  to  the  action  of  light. 

Discoloration  of  the  blood,  venous  dis- 
tension, and  the  increased  strength  combined 
with  diminished  frequency  of  the  heart’s  action, 
are  invariably  associated  with  physiological 
pulmonic  congestion  — i.e.,  distension  of  the 
pulmonic  artery.  There  is  a cause  present  and 
operating  to  produce  obstructed  alveolar  cir- 
culation— viz.,  the  displacement  of  air  in  the 
CHCl3-air  atmosphere  which  is  breathed.  The 
direct  results  of  this  cause  are — 1,  distension 
of  the  pulmonic  artery,  manifested  by  the 
diminished  frequency  and  increased  strength 
of  the  pulse  and  venous  distension  of  the 
superficial  veins,  the  former  appearing  as  an 
early  and  the  latter  as  a late  phenomenon ; 
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and,  2,  discoloration  of  the  blood,  which  is 
followed  by  stimulation  of  the  respiratory 
centre  and  impaired  nutrition  of  the  muscles. 
Distension  of  the  pulmonic  artery  and  the  de- 
oxygenation of  the  blood  thus  become  inter- 
mediate causes.  As  their  respective  degrees 
of  action  increase  or  diminish,  so  do  their 
results.  And  as  they  are  both  dependent  upon 
the  same  cause,  the  variations  which  they 
undergo  when  the  degree  of  its  action  is 
varied  are  in  direct  proportion  to  each  other. 
Thus  variations  of  all  the  indirect  results  of 
the  cause  in  question  are  in  the  same  direct 
proportion. 

It  is  impossible  to  produce  CHC13- narcosis 
without  at  the  same  time  displacing  more  than 
the  normal  proportion  of  air  in  the  CHCl3-air 
atmosphere.  The  negative  and  the  physio- 
logical actions  of  CHC13  are  necessarily  com- 
bined and  their  results  intermixed.  It  becomes 
essential,  therefore,  to  differentiate  between 
them. 

All  the  phenomena,  with  the  exception  of 
the  dilatation  of  the  pupil — for  in  the  case  of 
diminished  muscle  - tone  there  is  a possible 
cause  in  the  impairment  of  nutrition,  conse- 
quent upon  an  abnormal  blood-supply — may 
be  explained  by  the  negative  action  of  CHC13. 


94  THE  CHClg-PROBLEM. 

The  simple  displacement  of  air  by  means  of 
neutral  agents  is  known  not  to  be  associated 
with  immediate  dilatation  of  the  pupil,  even 
when  the  air-way  is  normally  patent.  And  in 
the  course  of  the  anaesthetic  degree  of  CHC13- 
action,  mechanical  obstruction  may  intervene 
to  produce  a considerable  degree  of  duskiness 
without  immediately  affecting  the  condition  of 
the  pupil.  Again,  the  dilated  pupil,  which  re- 
sults from  the  rapid  displacement  of  air — as, 
for  example,  in  nearly  complete  mechanical 
obstruction  — is  invariably  sensitive.  It  does 
not,  under  these  circumstances,  gradually  dilate. 
There  is  an  interval  during  which  the  degree  of 
duskiness  increases  while  the  pupil  remains  con- 
tracted. At  the  end  of  that  interval  it  rapidly 
dilates.  On  the  other  hand,  in  the  case  of  the 
narcotic  degree  of  CHC1S- action,  the  degree  of 
dilatation  of  the  pupil  is  directly  proportioned 
to  the  degree  of  narcosis  present.  As  the  latter 
increases,  the  size  of  the  pupil  does  not  rapidly 
but  gradually  increase,  at  the  same  time  be- 
coming less  sensitive  to  the  action  of  light,  an 
attribute  which  is  possessed  by  no  other  form 
of  dilated  pupil  occurring  during  the  adminis- 
tration of  CHC13. 

The  conclusion,  therefore,  is  that  the  dilated 
sluggish  pupil  is  either  a simple  direct  or  in- 
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direct  result  of  the  physiological  action  of 
CHC13.  And  its  isolation  leads  to  the  follow- 
ing considerations.  I.  The  simple  results  of  the 
negative  action  of  CHC13  are  distension  of  the 
pulmonic  artery,  distension  of  the  right  ventricle, 
increased  strength  and  diminished  frequency  of 
the  pulse,  and  venous  distension.  They  are  all 
of  them  physical  results,  and  can  only  be  pro- 
duced by  a physical  cause.  II.  The  simple 
result  of  the  physiological  action  of  CHC13  is 
dilatation  of  the  pupil.  III.  The  intermixed  re- 
sults of  the  combined  actions  are  discoloration 
of  the  blood,  increased  frequency  of  respiration, 
and  diminution  of  muscle-tone.  The  investiga- 
tion will  thus  become  concentrated  upon  these 
phenomena. 

§ 80.  Different  degrees  of  CHCl^- narcosis. — 
If  the  proportion  of  CHC13  be  increased,  the 
variation  in  the  CHCl3-air  atmosphere  thus 
induced  will  be  immediately  followed  by  an 
increase  in  the  degree  of  their  intensity  of  all 
the  phenomena  of  narcosis.  The  variation  in 
the  degree  of  narcosis  is  found  to  be  directly 
proportioned  to  the  variation  in  the  degree  of 
the  complex  cause.  Now  the  variation  in  the 
CHCl3-air  atmosphere  has  to  be  effected  gradu- 
ally in  order  to  obtain  uncomplicated  results, 
for  the  reason  that,  if  too  large  an  increase  of 
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the  CHClg-constituent  were  made,  its  physical 
action  in  the  air-way  would  predominate,  and 
consequently  error  would  be  introduced  into 
the  results.  As  the  degree  of  narcotic  action 
is  still  further  increased,  the  degree  of  narcosis 
is  also  proportionately  increased.  But  there 
is  a limit  to  the  highest  degree  of  narcosis  that 
may  be  produced  without  the  appearance  of 
an  undue  degree  of  intensity  of  a disturbing 
factor.  For  there  is  a tendency  to  impairment 
of  nutrition.  And  this  tendency,  after  a period 
in  which  the  tissues  oppose  their  resistance  to 
its  influence,  becomes  uncounteracted.  Im- 
pairment of  nutrition  leads  to  impairment  of 
function.  And  in  the  case  of  the  ordinary 
muscles  of  respiration,  the  tendency  is  eventu- 
ally manifested  by  the  output  of  less  than  the 
normal  degree  of  power. 

If  the  same  degree  of  narcotic  action  be  pro- 
longed beyond  a given  period,  the  degree  of 
narcosis  tends  to  increase.  The  same  tendency 
exists  as  in  the  anaesthetic  degree,  but  there 
is  this  difference  between  the  two  states : in 
narcosis  it  appears  earlier  and  progresses  with 
greater  intensity. 

From  the  above  experimental  investigations 
the  following  data  are  derived : — 

I.  The  pupil  increases  in  size  as  the  degree 
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of  narcotic  action  is  made  to  increase,  the  varia- 
tion of  the  one  being  directly  proportionate  to 
the  variation  of  the  other.  As  the  pupil  in- 
creases in  size  it  becomes  less  sensitive  to  the 
action  of  light,  the  variation  in  the  one  being 
in  inverse  proportion  to  that  of  the  other.  The 
degree  of  dilatation  may  be  taken  as  the  measure 
of  the  degree  of  narcotic  action  on  account  of 
its  being  more  accurately  determined  than  changes 
in  the  action  of  the  respiratory  machine  or  of  the 
colour  of  the  blood.  Any  other  phenomenon  of 
the  state  of  narcosis  might  be  selected,  but  vari- 
ations gradually  appearing  in  the  pulse,  unless 
recorded  at  frequent  intervals,  or  in  the  colour 
of  the  complexion,  by  reason  of  its  initial  ab- 
normality, are  not  so  readily  detected,  and  there- 
fore are  not  so  reliable  as  the  variation  in  size  of 
the  pupil. 

II.  The  frequency  of  respiration  and  the  dis- 
coloration of  the  blood  increase  as  the  degree 
of  narcotic  action  is  made  to  increase,  the  vari- 
ations of  the  former  being  directly  proportioned 
to  the  variations  of  the  latter.  Muscle -tone 
diminishes  as  the  degree  of  narcotic  action  in- 
creases, the  variation  of  the  one  being  inversely 
proportioned  to  that  of  the  other. 

The  conclusions  that  are  drawn  from  the  study 
of  the  different  degrees  of  narcotic  action  are — i, 
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that  the  relation  between  the  cause  and  the  results 
other  than  those  which  are  purely  negative,  with 
which  it  is  associated,  is  not  of  a direct  nature. 
For  if  those  results  were  due  to  the  action  of  an 
agent  which  produced  them  by  directly  affecting 
— so  as  to  change  the  condition  of — some  tissue 
or  nerve-centre,  the  abnormal  condition  thus  in- 
duced, instead  of  beginning  to  disappear  after 
the  removal  of  the  agent,  as  is  the  case  with 
CHC13,  would  remain  stationary  for  a while 
— i.e.y  there  would  be  a period  in  which  the 
abnormal  phenomena  preserve  the  same  degree 
of  intensity ; 2,  that  there  is  a cause — viz.,  the 
negative  action  of  CHC13,  which  is  present  and 
operating — which  accounts  for,  either  partially 
or  wholly,  the  set  of  phenomena  comprising  ac- 
celerated respiratory  frequency,  discoloration  of 
the  blood,  and  diminution  of  muscle-tone ; and, 
3,  that  the  physiological  action  of  CHC13  is 
confined  with  certainty  to  the  production  of 
changes  in  the  size  of  the  pupil  and  in  the 
condition  of  the  cerebral  centres,  and  that, 
seeing  it  is  not  yet  proved  that  the  nega- 
tive action  produces  the  whole  of  respiratory 
acceleration,  discoloration  of  the  blood,  and 
diminished  muscle  - tone,  it  is  possible  that  it 
may  be  causally  related  to  these  phenomena. 

§ 81.  The  treatment  of  the  state  of  CHCl3- 
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narcosis  with  air.  — If  at  any  stage  in  the 
course  of  narcotic  action  CHC13  is  discon- 
tinued and  air  alone  administered,  — the  air- 
way being  assumed  to  be  normally  patent, — 
an  immediate  alteration  in  all  the  phenomena 
will  be  apparent.  The  respiration  becomes  less 
frequent,  the  blood  less  discoloured,  and  the  size 
of  the  pupil  smaller.  The  degree  of  narcosis  is 
reduced.  And  it  continues  to  be  still  further 
reduced  by  the  action  of  air  until  the  normal 
state  of  anaesthesia  is  reached.  Just  as  there 
is  an  increase  in  the  intensity  of  the  degree  of 
each  individual  phenomenon,  with  an  increase 
of  the  CHClg-constituent,  so  there  is  a diminu- 
tion when  the  degree  of  CHC13- action  is  reduced. 
The  degree  of  diminution  in  the  intensity  of  a 
phenomenon  is  determined  by  the  amount  by 
which  CHC13  is  reduced — i.e.,  by  a correspond- 
ing increase  in  the  proportion  of  air.  Now  the 
negative  action  of  CHC13  is  synonymous  with 
impairment  of  aeration,  less  than  the  normal 
proportion  of  oxygen  being  absorbed  by  the 
blood.  The  changes  which  are  at  once  effected, 
whether  the  proportion  of  CHC13  be  increased 
or  diminished,  are  thus  explained  by  a variation 
in  the  degree  of  oxygenation  of  the  blood.  But 
the  direct  result  of  — OXy  upon  the  tissues  gen- 
erally varies  in  amount  according  to  the  nature 
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of  the  tissue.  The  brain,  or  more  accurately 
that  part  of  it  which  is  the  seat  of  consciousness, 
and  striped  muscle  - tissue  are  more  sensitive 
than  others  to  alterations  in  the  proportion  of 
oxygen  supplied  to  them.  In  normal  subjects 
deoxygenation  of  the  blood,  after  the  removal 
of  its  cause,  is  not  followed  by  a stationary 
abnormal  condition  of  these  tissues.  On  the 
contrary,  as  the  proportion  of  oxygen  in  the 
blood  tends  to  become  normal,  so  do  the  ab- 
normal conditions  of  the  centres  of  conscious- 
ness and  the  voluntary  muscles  tend  to  become 
normal.  Thus  these  tissues  are  eventually  placed 
in  circumstances  which  are  favourable  to  the  dis- 
charge of  their  respective  functions. 

Besides  exercising  this  general  effect  upon  the 
tissues  at  large,  — OXy  or  +C02- blood  exerts  in 
particular  a stimulating  influence  on  the  respira- 
tory centre.  The  degree  of  stimulation  of  that 
centre  varies  directly  as  the  degree  of  deoxygena- 
tion in  CHCl3-narcosis  within  the  limit  of  a given 
degree  of  exhaustion  of  the  respiratory  muscles. 
An  increase  or  diminution  of  the  degree  of  the 
narcotic  action  of  CHC13  is  necessarily  asso- 
ciated with  a greater  or  less  displacement  of 
air  in  the  CHCl3-air  atmosphere.  By  virtue 
of  its  negative  action,  CHC13  is  thus  brought 
into  relation  with  the  respiratory  centre.  But 
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it  is  possible  that,  inasmuch  as  all  the  phe- 
nomena cannot  be  explained  by  its  purely  nega- 
tive action,  the  physiological  action  of  CHC13 
may  have  either  a direct  or  indirect  influence 
upon  that  centre. 

The  relation  of  the  state  of  CHC13- narcosis 
to  air  brings  out  two  characteristic  data  which 
help  to  isolate  the  purely  physiological  action 
of  CHC13. 

The  period  of  the  return  to  consciousness 
varies  according  to  the  degree  of  narcosis ; thus 
the  greater  the  degree  the  longer  the  period  of 
time  needed  for  the  recovery  of  the  mental 
functions.  But  it  is  essential  to  exclude  the 
influence  of  a causal  factor  which  may  intervene 
and  affect  prejudicially  the  backward  course 
of  the  state  of  narcosis.  The  causal  factor  in 
question  is  mechanical  obstruction  in  the  air- 
way, and  it  is  the  consequence  of  muscular 
relaxation,  which  is  an  indirect  result  of  CHC13- 
action.  The  tendency  of  this  factor  is  to 
diminish  the  rate  of  recovery.  If,  therefore, 
the  return  to  consciousness  be  thus  unduly 
prolonged,  the  inference  might  be  drawn  that 
the  result  of  CHC13- action  upon  the  cerebral 
centres  is  other  than  what  it  actually  is. 

But  if  comparison  be  made  between  the  rates 
of  the  reoxygenation  of  the  blood  in  CHC13- 
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narcosis  and  in  mixed  narcosis,  resulting  from 
the  co-operation  of  mechanical  obstruction  and 
the  anaesthetic  degree  of  CHC13  - action,  the 
following  remarkable  difference  will  be  per- 
ceived. In  the  latter  the  absorption  of  oxygen 
takes  place  with  great  rapidity,  while  in  the 
former  it  proceeds  gradually  but  progressively. 
Thus,  the  same  degree  of  blood-change  being 
effected  by  two  different  causes,  when  they  are 
put  out  of  operation  the  result  of  the  one  is 
dissipated  quickly,  while  that  of  the  other  dis- 
appears comparatively  slowly.  The  conclusion, 
therefore,  is  that  there  is  some  factor  present 
in  the  case  of  CHC13- narcosis,  which  tends 
to  retard  the  oxygenation  of  the  blood.  Now 
CHC13  is  present  in  both  the  above  instances 
— viz.,  CHC13- narcosis  and  CHC13- anaesthesia 
plus  mechanical  obstruction.  But  there  is  a 
difference  with  respect  to  the  degree  of  action 
in  them.  This  “difference,”  therefore,  may 
possibly  be  associated  with  the  difference  in 
their  respective  rates  of  recovery. 

The  second  datum  has  reference  to  the 
proximate  cause  of  the  dilatation  of  the  pupil 
being  in  the  iris.  Diminution  of  muscle-tone 
is  one  of  the  results  of  the  narcotic  action  of 
CHC13.  The  degree  of  dilatation  of  the  pupil 
and  the  degree  of  discoloration  of  the  blood 
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are  directly  proportioned  to  each  other  in 
CHClg- narcosis.  But  the  deoxygenated  con- 
dition of  the  blood  tends  to  produce  an  early 
result  in  striped  muscles,  for  the  reason  that 
oxygen  forms  a principal  factor  in  their  food- 
supply.  Less  than  the  normal  supply  of  oxygen 
to  them  is  followed  by  impairment  of  their 
nutrition,  and  as  nutrition  and  function  are 
intimately  related,  impairment  of  the  former, 
after  the  reserve-power  of  the  tissue  is  con- 
sumed, is  followed  by  impairment  of  the  latter. 
Under  these  circumstances,  the  muscles  become 
less  sensitive  to  the  application  of  ordinary 
stimuli.  They  do  not  respond  either  with  the 
same  readiness  or  to  the  same  extent  as  in 
their  normal  condition. 

The  iris,  when  the  pupil  is  dilated  in  CHC13- 
narcosis,  presents  this  characteristic  feature  of 
reduced  tone.  It  increases  with  an  increase 
in  the  degree  of  narcotic  action.  It  diminishes 
with  an  increase  of  the  volume  of  oxygen  in 
the  blood. 

The  dilatation  of  the  pupil  may  thus  be  the 
consequence  of  the  diminished  tone  of  the  iris. 
And  the  diminished  tone  of  the  iris  is  explained 
by  the  deoxygenated  condition  of  the  blood. 
But  here  a difficulty  is  presented.  When  oxygen 
is  abstracted  from  the  blood  by  mechanical 
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obstruction  or  by  means  of  a neutral  agent, 
the  pupil  does  not  begin  to  dilate  and  pro- 
gressively increase  the  degree  of  its  dilatation 
as  deoxygenation  increases  in  degree.  But  it 
retains  its  natural  condition,  even  in  high 
degrees  of  deoxygenation,  and  dilates  only  when 
the  action  of  the  respiratory  machine  becomes 
interrupted.  And  when  it  dilates,  it  does  so 
rapidly,  and  at  the  same  time  retains  its  sensi- 
tiveness. These  conclusions  are  drawn  from 
results  obtained  when  the  abstraction  of  oxygen 
is  more  or  less  rapid.  In  CHCl3-narcosis,  how- 
ever, the  displacement  of  air  in  the  CHCl3-air 
atmosphere  has  to  be  effected  gradually  in 
order  to  avoid  a respiratory  overdose.  And, 
consequently,  through  the  negative  action  of 
CHC13,  the  reduction  of  the  volume  of  oxygen 
in  the  blood  takes  place  comparatively  slowly. 
There  is  a difference,  therefore,  in  the  length 
of  time  over  which  the  same  result,  produced 
by  different  causes,  endures.  This  difference 
may  account  for  the  gradual  and  progressive 
diminution  of  muscle -tone  in  narcosis.  For 
there  is  a direct  proportion  between  the  degree 
of  the  latter  and  the  degree  of  diminution  of  the 
former;  and  the  greater  the  degree  of  narcosis, 
the  greater  is  the  reduction  of  oxygen  in  the 
blood.  Deoxygenated  blood,  deriving  from  the 
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negative  action  of  CHC13,  enters  into  the  caus- 
ation of  reduced  muscle-tone.  It  may  or  may 
not  be  equal  to  explaining  the  whole  of  the 
reduction.  Assuming  that  the  latter  is  the 
fact — i.e.,  diminished  muscle-tone  is  of  complex 
causation  — it  follows  that  some  other  factor 
is  present,  and  co-operating  with  — OXy  blood. 
This  factor,  then,  is  either  directly  or  indirectly 
related  to  the  physiological  action  of  CHC13. 

§ 82.  The  natural  terminations  of  the  progress  of 
the  state  of  narcosis,  induced,  by  CHCly — Con- 
sidered in  the  abstract,  increased  frequency 
of  respiration  is  associated  with  a tendency 
to  the  exhaustion  of  the  respiratory  muscles. 
This  tendency  is  manifested  by  certain  changes 
which  appear  in  the  action  of  the  respiratory 
machine — viz.,  the  range  of  movements  be- 
comes smaller,  the  undulatory  character  of  the 
inspiratory  movements  disappears,  and  the  ex- 
traordinary muscles  of  respiration  come  into 
action.  If  uncounteracted,  it  eventually  results 
in  the  arrest  of  the  action  of  the  respiratory 
machine ; the  mode  of  onset  of  this  form  of 
arrest  being  rapid. 

Distension  of  the  pulmonic  artery  is  followed 
by  distension  of  the  right  ventricle.  The  action 
of  the  heart  is  automatically  adapted  to  the 
increased  resistance  which  is  opposed  to  it. 


io 6 THE  CHClg-PROBLEM. 

Its  frequency  is  slowed,  while  the  power  of 
its  contraction  is  increased.  If  the  obstacle 
remains  at  the  same  degree  of  intensity,  the 
energy  of  the  heart  will  be  progressively  di- 
minished as  the  natural  consequence  of  the 
increased  amount  of  work  which  it  performs. 
Thus  there  is  a tendency  to  the  exhaustion 
of  the  cardiac  power.  It  will  be  manifested 
by  the  progressive  diminution  of  frequency 
and  the  progressive  increase  of  strength  of  the 
pulse.  And,  if  uncounteracted,  it  will  eventually 
result  in  the  disappearance  of  the  latter,  the 
function  of  the  heart  being  temporarily  reduced 
to  its  lowest  limit  under  the  abnormal  circum- 
stances. The  mode  of  disappearance  of  the 
pulse  is  rapid ; there  is  a short  interval,  during 
which  it  becomes  thready,  and  at  the  end  of 
it  no  beat  is  perceptible. 

In  CHClg- narcosis  both  these  tendencies 
are  present  and  acting.  There  is  more  than 
the  normal  amount  of  work  performed  by  the 
respiratory  muscles ; and  there  is  also  more 
work  done  by  the  heart  than  it  is  ordinarily 
accustomed  to  do.  If,  therefore,  arrest  of  res- 
piratory movements  occurs  in  the  course  of 
the  investigation  of  the  narcotic  action  of 
CHClg  in  the  lower  animals,  its  proper  value 
as  a phenomenon  associated  with  CHC13- action 
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is  to  be  inductively  estimated.  Thus  it  is  not 
a primary  result,  as  it  would  be,  if  the  action 
of  the  respiratory  centre  were  directly  affected 
by  CHClg.  But  it  is  the  terminal  link  in  a 
chain  of  phenomena  attending  and  rendering 
abnormal  the  mechanism  of  respiration.  At 
the  onset  of  arrest  the  state  of  the  respiratory 
machine  is  abnormal.  Its  motor -power  is 
temporarily  exhausted.  To  verify  the  con- 
clusion that  muscular  exhaustion  is  the  only 
cause  of  respiratory  arrest,  artificial  are  made 
to  take  the  place  of  natural  movements  of  the 
chest.  And  after  a short  interval,  in  which 
the  distension  of  the  right  ventricle  is  being 
relieved,  and  the  heart  in  consequence  restored 
to  a condition  favourable  to  the  performance 
of  its  function — viz.,  the  supply  of  oxygenated 
blood  to  the  tissues  — the  respiratory  muscles 
will  resume  their  work  in  response  to  the 
stimulus  of  the  respiratory  centre,  the  activity 
of  which  was  prevented  from  being  manifested 
through  their  temporary  disablement. 

The  relation  between  CHCl3-action  and  arrest 
of  respiratory  movements  or  cardiac  exhaustion, 
as  being  the  natural  terminations  of  the  state 
of  narcosis,  is  thus  shown  to  be  indirect.  And 
the  conclusion  that  CHC13  exerted  a specific 
effect  either  on  the  heart  or  respiratory  centre 
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was  drawn,  very  probably,  from  the  following 
fundamental  error.  The  same  amount  of  CHC13, 
administered  in  the  then  customary  way,  is 
associated  with  a state  which  experience  proved 
to  be  safe.  But  experience  was  then  limited 
to  cases  of  comparatively  short  duration.  But 
if  the  case  were  prolonged,  owing  to  the  exi- 
gencies of  the  surgical  operation,  would  the 
introduction  of  this  new  element  affect  the 
result  ? The  possibility  of  its  doing  so  having 
been  precluded  by  the  then  prevailing  notions 
respecting  CHCl3-action,  the  appearance  of 
respiratory  arrest  or  cardiac  failure  from  ex- 
haustion was  ascribed,  without  further  question, 
to  its  direct  influence  respectively  on  the  res- 
piratory centre  or  heart.  While,  however,  the 
effect  of  the  same  amount  of  CHC13  on  the 
part  which  it  acts  upon  is  always  the  same, 
the  results  with  which  it  is  associated  at  dif- 
ferent periods  of  its  action  are  different.  The 
explanation  of  this  difference  in  results  is  drawn 
from  the  changes  which  are  induced  in  the 
conditions  of  the  respiratory  machine  and  blood 
by  the  negative  action  of  CHC13.  The  error, 
therefore,  consisted  in  leaving  out  of  considera- 
tion the  influence  of  those  variations,  and  in 
deducing  the  physiological  action  of  CHC13 
not  from  a simple  but  complex  result. 
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An  instance  illustrating  the  influence  of  pro- 
longed duration  of  narcotic  CHCl3-action  hap- 
pened in  1883.  The  subject  was  a healthy 
young  male  adult,  and  the  surgical  operation 
was  for  the  purpose  of  arresting  haemorrhage 
from  a lacerated  wound  of  large  dimensions. 
A certain  quantity  of  blood  was  lost  during 
the  course  of  unconsciousness,  but  it  was  not 
supposed  to  have  an  influence  in  determining 
the  time  of  onset  of  respiratory  arrest.  No 
abnormality  was  observed  to  occur  in  the 
action  of  the  respiratory  machine — the  move- 
ments being  vigorous  and  accompanied  by 
some  noise — until  8o'  after  the  beginning  of 
the  administration,  when  it  rapidly  failed,  the 
pulse  at  the  time  being  easily  felt.  The  base 
of  the  tongue  was  maintained  in  its  normal 
position  during  artificial  respiration,  which  was 
at  once  applied.  In  the  course  of  the  treatment 
the  pulse,  which  at  the  onset  of  respiratory 
arrest  presented  slow  distinct  beats,  disap- 
peared. Eventually  spontaneous  respiration 
was  resumed.  But  it  was  noticed  that  the 
pulse,  on  the  resumption  of  respiration,  was 
of  low  tension,  and  that  its  strength  progress- 
ively increased,  until  it  reached  what  was  taken 
to  be  its  natural  character. 

In  the  above  instance  there  was  no  abnormal 
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variation  in  the  CHCl3-air  atmosphere.  The 
physical  action  of  CHC13  was  restricted  to  its 
due  limits.  And  mechanical  obstruction,  though 
present  in  some  degree,  as  manifested  by  noisy 
breathing,  was  proportioned  to  the  degree  of 
muscle-relaxation.  The  fact  that  both  these 
causal  factors  may  act  independently,  the  one 
from  an  absolute  increase  in  the  amount  of  the 
CHCl3-increment,  and  the  other  from  displace- 
ment of  the  base  of  the  tongue  consequent  upon 
change  of  position  or  some  local  abnormality, 
as,  e.g.,  abnormal  size,  tends  to  complicate  the 
study  of  the  causation  of  respiratory  arrest. 
Thus  rapid  or  even  sudden  onset  of  arrest  of 
the  action  of  the  respiratory  machine  may  take 
place  in  the  early  stages  of  CHC13.  But  the 
same  phenomena  occur  in  the  later  stages.  In 
each  instance,  therefore,  it  will  be  necessary,  i, 
to  enumerate  all  the  antecedent  phenomena; 
2,  to  record  the  mode  of  onset,  and  all  the 
phenomena  appearing  subsequently;  and,  3,  to 
isolate  all  the  causal  factors  which  are  present 
and  acting  at  the  time  of  its  occurrence,  in 
order  to  arrive  at  its  true  causation. 

The  occurrence  of  respiratory  arrest  during 
the  narcotic  degree  of  CHCl3-action  without 
any  intervening  complication,  led  to  a series 
of  experimental  investigations  which  had  for 
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their  object  the  diminution  of  the  proportion 
of  CHC13  in  the  CHCl3-air  atmosphere  admin- 
istered. Eventually  the  anaesthetic  degree  of 
its  action  was  isolated.  But  this  degree  was 
found  to  be  different  for  different  individuals — 
i.e.y  to  produce  the  state  of  anaesthesia  which 
is  known  by  a set  of  phenomena  which  are  its 
invariable  concomitants, — a larger  proportion 
is  needed  for  an  adult  than  for  a child.  In  this 
respect  it  will  be  observed  that  CHC13  resembles 
some  drugs — e.g.,  opium.  And  further,  it  was 
found  necessary,  in  order  to  maintain  the  state 
of  anaesthesia  during  CHCl3-action,  to  progress- 
ively diminish  its  degree.  One  of  the  differ- 
ences between  the  states  of  anaesthesia  and 
narcosis  is  in  the  condition  of  the  blood.  In 
narcosis  it  is  deoxygenated ; the  respiratory 
muscles,  consequently,  perform  the  increased 
work  which  they  have  to  do  under  the  un- 
favourable condition  of  abnormal  blood-supply. 
In  anaesthesia  it  presents  the  normal  colour. 
The  respiratory  muscles  are  supplied  with  the 
normal  quantity  of  apparently  normal  blood. 
Assuming,  however,  that  the  blood  is  only 
apparently  normal,  the  degree  of  change  in- 
duced in  it  is  obviously  less  than  that  in 
narcosis,  and  in  the  circumstances  is  the  least 
possible.  The  action  of  the  respiratory  machine 
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should  therefore  be  but  little  affected,  even  dur- 
ing long  periods  of  CHClg-ansesthesia — from 
three  to  four  hours : and  this  conclusion  is 
verified  by  experience. 

The  use  of  the  anaesthetic  degree  of  CHC13- 
action  admits  of  the  accurate  study  of  compli- 
catory  causes  which  operate  simultaneously 
with  it,  and  which  may  affect  either  in  a like 
or  unlike  manner  the  same  parts  which  are 
also  affected  by  CHC13.  Such  a combination 
of  causes  is  responsible  for  the  vast  majority 
of  the  so  - called  states  of  crises.  The  part 
which  CHC13  plays  in  their  causation  is  there- 
fore to  be  isolated.  The  physiological  action 
of  CHC13  may  be  limited  to  the  anaesthetic 
degree,  but  owing  to  a rapid  or  sudden  arrest 
of  the  action  of  the  respiratory  machine,  the 
presence  of  CHC13- vapour  in  the  air-way  will 
act  as  an  obstacle  in  the  process  of  diffusion 
between  the  contents  of  the  alveolar  region  and 
the  atmosphere.  Or  the  respiratory  movements 
may  be  reduced  as  the  consequence  of  reflex 
inhibition  of  the  respiratory  centre,  and  if  the 
proportion  of  CHC13  in  the  CHCl3-air  atmos- 
phere be  not  adapted  to  the  abnormal  action  of 
the  respiratory  machine,  a relative  respiratory 
overdose  will  result.  In  these  instances  the 
action  of  CHC13  is  confined  to  the  air-way, 
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and  its  results  are  readily  removed  either  by 
diffusion  or  by  the  artificial  expulsion  of  the 
contents  of  the  air-way.  But  CHC13  may  be 
acting  as  a narcotic,  and  consequently  there 
will  be  a less  or  greater  degree  of  distension 
of  the  pulmonic  artery.  Now  that  abnormality 
acts  as  an  impediment  to  the  transference  of 
blood  from  the  right  to  the  left  side  of  the 
heart.  If,  therefore,  a fall  of  blood-pressure, 
not  of  cardiac  origin,  occurs  during  narcosis, 
there  will  be  a delay  in  the  return  of  the  blood 
from  the  portal  to  the  main  circulation.  The 
source  of  the  delay  is  mechanical — viz.,  increased 
tension  in  the  pulmonic  artery.  Its  degree 
varies,  being  directly  proportioned  to  the  de- 
gree of  tension.  The  action  of  the  respiratory 
centre  being  secondarily  affected  by  reflex  stimu- 
lation of  the  vaso-motor  centre,  and  stomachic 
inhibition  of  the  respiratory  centre  being  associ- 
ated with  a corresponding  disturbance  in  the 
vaso-motor  centre,  the  reduced  motor-power  of 
the  respiratory  machine  is  confronted  with  an 
obstacle  in  the  abnormal  condition  of  the  lungs, 
requiring  more  than  the  normal  degree  of  that 
power  in  order  to  overcome  partially  the  resist- 
ance which  is  opposed  to  it.  The  action  of 
the  respiratory  machine  will  consequently  be 
arrested.  And  the  causation  of  the  arrest  will 
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be  complex.  First,  there  is  the  greater  or  less 
degree  of  pulmonic  congestion  (i.e.,  distension 
of  the  pulmonic  artery),  which  naturally  re- 
quires a corresponding  increase  of  respiratory 
activity,  which  is  effected  by  an  increase  in 
the  frequency  of  respiratory  movements,  in  the 
absence  of  a complicatory  cause.  Secondly, 
there  is  the  primary  or  secondary  disturbance 
in  the  respiratory  centre,  resulting  in  reduced 
action  of  the  respiratory  machine.  In  initial 
normal  conditions  of  the  respiratory  and  circu- 
latory systems,  changes  in  the  one,  induced 
reflexly,  are  followed  by  corresponding  changes 
in  the  other.  And  when  the  result  on  the 
centre  disappears,  there  is  an  immediate  return 
to  the  normal,  which  is  more  or  less  rapidly 
attained.  But  if  an  impediment  be  in  the  way 
of  the  return  to  the  normal  of  the  action  of  the 
respiratory  machine,  its  progress  will  be  checked 
and  it  may  be  interrupted.  Such  a contingency 
would  necessitate  the  immediate  application  of 
artificial  respiration. 

In  these  instances  CHC13  acts  negatively,  by 
inducing  pulmonic  congestion.  CHC13  is  thus 
related  to  respiratory  arrest  in  three  different 
ways : i,  direct  physical  action  in  the  air-way ; 
2,  exhaustion  of  the  respiratory  muscles,  an 
indirect  result  of  its  negative  and  physiological 
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actions  ; and,  3,  pulmonic  congestion,  the  direct 
result  of  its  negative  action,  opposing  too 
powerful  a resistance  to  the  reduced  action  of 
the  respiratory  machine  consequential  upon  the 
intervention  of  a complicatory  cause.  The 
anaesthetic  degree  of  CHCl3-action  prevents  all 
these  possibilities,  with  the  exception  of  part 
of  the  first  group,  in  which  its  results — viz., 
respiratory  overdose  — are  relative  and  readily 
put  out  of  operation.  Besides,  it  economises 
the  amount  of  extra  work  to  be  done  by  the 
respiratory  machine,  and  by  preserving  the 
apparently  normal  condition  of  the  blood,  in- 
terferes, to  the  least  possible  extent,  with 
tissue  - nutrition.  The  following  example  is 
therefore  of  interest,  inasmuch  as  the  anaes- 
thetic amourit  was  administered  without  the 
appearance  of  any  abnormal  phenomena  during 
the  period  of  induction,  but  with  the  appear- 
ance of  a state  of  crisis  in  the  course  of 
unconsciousness. 

The  subject  was  a male  infant  nine  months 
old,  and  presented  normal  characters.  Anaes- 
thesia was  normally  induced  by  gradually  in- 
creasing the  proportion  of  CHC13  to  the 
maximum,  which  in  this  instance  was  one  drop. 
This  is  effected  by  maintaining  the  amount  con- 
stant at  the  maximum,  and  by  gradually  dimin- 
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ishing  the  open  base  of  the  half- cone  formed 
of  folded  lint : the  interval  at  the  end  of  which 
CHC13  is  repeated  being  determined  by  the  tem- 
perature of  the  atmosphere  and  the  rate  of 
respiration.  Soon  after  the  induction  of  anaes- 
thesia, and  while  the  surgical  operation  was  in 
progress,  the  range  of  respiratory  movements 
became  rapidly  reduced.  For  purposes  of  better 
observation  the  child  was  turned  on  to  its 
right  side  ; and  as  a precautionary  measure  the 
base  of  the  tongue  and  lower  jaw  were  drawn 
forward,  so  as  to  ensure  a normally  patent 
air-way.  The  pupil  remained  contracted,  the 
pulse- beat  became  stronger  and  slower,  while 
the  degree  of  duskiness  was  perceptibly  in- 
creasing. The  respiratory  movements  remained 
for  an  interval  of  three  or  four  seconds  appar- 
ently at  the  same  range  to  which  they  had 
been  reduced,  after  which  they  first  exhibited 
a gradual  increase  of  range,  and  then  rapidly 
reached  the  normal.  And  during  their  return 
to  the  normal  duskiness  disappeared,  being 
followed  by  the  natural  colour  of  the  com- 
plexion and  the  normal  character  of  the  pulse. 

The  course  of  this  complication  indicates  the 
presence  of  a respiratory  overdose.  In  this 
instance  it  was  an  absolute  respiratory  overdose, 
as  shown  by  the  return  of  the  action  of  the 
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respiratory  machine  to  the  normal,  after  the 
excess  of  CHC13- vapour  in  the  air -way  had 
been  dissipated  by  the  means  of  diffusion.  It 
was  erroneously  ascribed  to  some  fault  in  the 
method  of  administration.  All  traces  of  the 
complication  having  disappeared,  the  child  was 
again  placed  in  its  former  position. 

But  instead  of  continuing  normal  as  it  should 
do,  if  no  complication  is  present  and  the  amount 
of  CHC13  is  progressively  diminished,  the  action 
of  the  respiratory  machine  became  accelerated. 
Displacement  of  the  base  of  the  tongue  is  a 
cause  of  acceleration.  The  base  of  the  tongue 
and  the  lower  jaw  were  drawn  forward,  and 
the  degree  of  acceleration  was  thereby  reduced. 
After  an  interval  of  2'  the  frequency  of  the 
respiratory  movements  became  perceptibly  less, 
and  their  range  diminished.  Some  degree  of 
duskiness  was  present,  but  this  was  explained 
by  the  difficulty  experienced  in  keeping  the  base 
of  the  tongue  in  its  normal  position.  The 
pupil  was  slightly  dilated,  and  the  pulse-beats 
separate,  though  not,  as  it  was  supposed, 
unduly  frequent.  The  abnormal  state  pre- 
sented many  features  similar  to  these  of  direct 
stomachic  disturbance,  complicated  by  either 
mechanical  obstruction  or  a relative  respiratory 
overdose  which  had  not  been  early  recognised. 
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But  the  slight  dilatation  of  the  pupil  pointed 
to  the  presence  of  another  factor  which  had 
not  as  yet  been  entertained. 

Under  these  circumstances  the  fold  of  lint 
was  removed,  and  the  result  of  air  upon  res- 
piratory movements,  which  were  becoming  still 
further  reduced  in  range,  and  were  now  confined 
to  the  abdomen,  awaited.  This  measure  is  in- 
variably followed,  in  any  case  of  complication 
where  respiratory  movements  are  present,  by 
an  improvement  in  their  movements  which 
gradually  increase  their  range.  But  instead  of 
any  such  improvement  in  the  present  instance, 
the  abdominal  movements  became  slower,  and 
their  range  continued  to  diminish.  At  this 
stage  the  pulse  was  perceptible,  and  the  pupil 
was  dilated  to  one -half  and  sluggish.  There 
was  also  some  degree  of  venous  distension. 
The  pulse  disappeared,  while  the  movements 
of  the  abdomen  continued.  And  thereupon 
artificial  respiration  was  at  once  applied. 

The  end-object  of  artificial  respiration  is  to 
supply  air  to  the  alveolar  region.  In  its  con- 
duct the  nature  of  the  abnormal  conditions 
present  and  their  degrees  have  to  be  considered, 
and  the  details  of  the  artificial  method  adapted 
to  their  several  requirements.  Venous  distension 
indicates — i,  distension  of  the  right  ventricle; 
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and,  2,  distension  of  the  pulmonic  artery — i.e., 
physiological  pulmonic  congestion.  It  narrows 
the  calibre  of  the  air-way,  and  thus  retards  the 
rate  of  diffusion  between  the  contents  of  the 
lower  air -passages  and  the  outside  air.  It  is 
impossible  to  reduce  the  distension  of  the 
pulmonic  artery  rapidly,  for  the  resistance 
offered  by  the  chest  to  its  compression  admits 
only  of  the  intake  of  a small  volume  of  air, 
the  current  of  which  is  stayed  somewhere  in 
the  middle  air-passages.  An  interval  of  time  is 
therefore  needed  in  order  that  it  may  be  diffused 
into  the  alveolar  region,  where  it  is  absorbed. 
Its  absorption  is  followed  by  the  reduction  of 
the  degree  of  tension  in  the  pulmonic  artery, 
and,  by  consequence,  of  the  degree  of  pressure 
in  the  right  ventricle.  While  the  right  side 
of  the  heart  is  being  relieved  from  abnormal 
pressure,  the  left  side  is  being  supplied  with  a 
relatively  increased  amount  of  oxygenated  blood, 
and  consequently  the  degree  of  discoloration 
is  diminished. 

The  base  of  the  tongue  and  the  lower  jaw 
being  drawn  forward  so  as  to  procure  the  fullest 
possible  degree  of  patency  of  the  glottis  under 
the  abnormal  condition  of  venous  distension  of 
the  mucous  membrane,  and  the  shoulders  dis- 
placed over  the  edge  of  the  table  so  as  to  favour 
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the  recoil  of  the  chest  walls,  the  lower  half 
of  the  chest  is  then  gradually  but  progressively 
compressed.  Difficulty  will  be  encountered  by 
the  resistance  of  the  chest  walls.  It  is  there- 
fore essential  to  perform  the  first  compression 
efficiently,  for  as  much  of  the  contents  of  the 
air-way  should  be  expelled  as  is  possible  under 
the  circumstances,  seeing  that  the  amount  of 
the  subsequent  intake  of  air  is  the  same  as  the 
quantity  of  the  respiratory  contents  which  are 
displaced.  The  act  of  compression  being  com- 
pleted, its  cause  is  quickly  removed  in  order  not 
to  impede  the  recoil  of  the  chest.  An  interval 
of  7"  was  allowed  to  elapse  in  the  present 
instance,  in  order  to  the  diffusion  of  the  air, 
which  occupies  the  upper  and  middle  parts  of 
the  air-way,  into  the  alveolar  region,  at  the  end 
of  which  the  chest  was  again  compressed. 

There  was  no  manifest  change  in  the  colour 
of  the  complexion,  or  in  the  size  of  the  pupil 
(which  had  become  fully  dilated).  The  interval 
between  successive  compressions  is  determined 
by  the  degree  of  resistance  offered  by  the  chest. 
The  greater  the  resistance,  the  less  of  the  con- 
tents of  the  air-way  is  expelled ; and  the  less  the 
intake  of  air,  the  greater  the  interval  required 
for  the  purpose  of  diffusion. 

But  after  the  second  compression,  and  during 
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the  interval,  which  was  reduced  to  6",  between 
it  and  the  third,  a change  became  obvious  in 
the  coloration  of  the  complexion,  and  the  size 
of  the  pupil  was  perceptibly  diminished.  Both 
these  phenomena  indicate  that  the  air  is  being 
uninterruptedly  conveyed  to  the  alveoli,  where 
oxygen  is  absorbed  in  progressively  increasing 
quantities. 

During  the  third  compression,  the  degree  of 
resistance  presented  by  the  chest  was  felt  to 
be  less.  And  in  the  interval  following  it  the 
degree  of  discoloration  of  the  complexion  was 
still  further  reduced,  and  the  pupil  became 
smaller. 

After  an  interval  of  5"  compression  was 
applied  for  the  fourth  time.  The  chest  now 
offered  no  serious  difficulty  in  the  performance 
of  artificial  respiration.  But  this  is  not  a 
reason  for  undue  haste.  The  function  of 
aeration  subserves  the  purpose  of  reducing  the 
pressure  in  the  pulmonic  artery.  If  this  abnor- 
mal pressure  is  rapidly  removed,  there  has  to 
be  considered  the  effect  which  it  will  have  upon 
the  action  of  the  heart.  In  the  present  instance 
the  right  side  of  the  heart  had  not  been  rapidly 
distended  (and  even  if  such  had  been  the  case, 
its  rate  of  reduction  is  rendered  relatively 
gradual  through  the  intermediation  of  the  state 
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of  apnoea).  But  the  power  of  the  heart  has 
already  overcome  a greater  resistance  than  is 
at  present  opposed  to  it.  It  is  therefore  in  a 
much  more  favourable  position  in  which  to 
counteract  the  effect  of  that  resistance  when 
it  is  progressively  and  gradually  diminishing. 

The  interval,  reduced  to  4",  following  the 
fourth  compression  was  characterised  by  a 
reduction  in  the  degree  of  distension  of  the 
superficial  veins.  The  pupil  continued  to  con- 
tract, and  the  colour  of  the  complexion  to 
improve. 

The  fifth  compression  was  followed  by  the 
disappearance  of  the  last  trace  of  duskiness, 
and  by  the  normal  contracted  state  of  the 
pupil.  And  after  the  appearance  of  the  latter, 
there  was  an  attempt  at  spontaneous  respira- 
tion, in  an  irregular  movement  affecting  the 
upper  part  of  the  chest.  The  degree  of  dis- 
tension of  the  superficial  veins  continued  to 
become  diminished. 

3"  after  the  fifth,  the  sixth  compression  was 
applied.  It  was  almost  immediately  followed 
by  abdominal  movements, — which  were  of  small 
range  at  their  commencement,  but  which  were 
characterised  by  a progressive  increase,  not  only 
of  range,  but  also  of  extent, — the  lower  thorax 
first  coming  into  action,  and  then  the  middle 
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and  upper.  As  soon  as  spontaneous  respiration 
was  resumed,  venous  distension,  which  had  been 
progressively  diminishing  in  degree,  disappeared. 
But  the  pulse  was  not  perceptible  at  the  wrist. 
It  was  first  felt  on  the  appearance  of  thoracic 
movements,  and  thenceforward  gradually  in- 
creased in  strength  until  it  reached  the  normal. 
The  base  of  the  tongue  was  throughout  kept  in 
its  normal  position  until  signs  of  consciousness 
were  manifested,  circ.  2'  after  the  resumption 
of  spontaneous  respiration.  And  5'  after  the 
recovery  of  consciousness,  the  infant  was  crying 
in  the  nurse’s  arms. 

This  is  an  example  of  gradually  induced 
CHCI3-  narcosis.  The  datum  that  prevented 
the  suggestion  of  an  absolute  overdose  was  the 
limitation  of  the  amount.  But  it  subsequently 
transpired  that  in  the  course  of  the  administra- 
tion, and  just  after  the  induction  of  anaesthesia, 
a quantity  of  CHC13,  circ.  3iii,  escaped  from  the 
drop-bottle  and  soaked  into  the  pillow  in  the 
immediate  neighbourhood  of  the  child’s  face. 
The  source  of  the  absolute  overdose  was  thus 
isolated,  and  the  occurrence  of,  1,  respiratory 
overdose,  due  to  the  rapid,  and,  2,  blood  over- 
dose, due  to  the  gradual,  evaporation  of  the 
escaped  CHC13,  explained. 

If  we  compare  these  two  instances  of  recovery 
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with  artificial  respiration,  we  find  that  in  the 
former,  the  degree  of  CHC13- action,  though 
narcotic,  was  associated  with  a long  period  of 
increased  activity  of  the  respiratory  machine ; 
but  that  in  the  latter,  that  period  was  short, 
and  was  followed  by  manifestations  of  an  ex- 
cessive degree  of  obstructed  respiration.  Thus 
in  the  former,  the  degree  of  narcotic  action 
was  safe  within  a given  period,  the  length  of 
which  is  determined  by  the  degree  of  the 
initial  overdose ; but  beyond  that  period  it 
becomes  unsafe — i.e.,  the  tendency,  inherent 
in  the  narcotic  action  of  CHC13,  becomes 
effective  when  the  circumstances  are  favour- 
able to  it.  While  in  the  latter,  owing  to  the 
high  degree  of  the  initial  overdose,  the  tendency 
becomes  at  once  manifested.  In  the  former, 
respiratory  arrest  took  place  before  the  dis- 
appearance of  the  pulse,  but  the  distension  of 
the  right  ventricle  was  very  gradually  induced. 
In  the  latter,  however,  this  distension  was 
induced  rapidly.  The  rate  of  progress  at 
which  the  right  side  of  the  heart  is  distended, 
may  have  an  influence  in  the  determination 
of  the  natural  but  temporary  failure  in  the 
performance  of  its  function.  The  question, 
whether  the  pulse  or  the  respiration  fails  first, 
is  therefore  not  of  fundamental  importance  in 


125 


PHYSIOLOGICAL  ACTION  OF  CHCls. 

these  examples  of  pure  CHC13- narcosis.  But 
inasmuch  as  the  pulse  may  fail,  or  the  action 
of  the  respiratory  machine  be  arrested,  as  the 
result  of  causes  severally  acting  independently 
of  but  simultaneously  with  CHC13,  each  of 
these  phenomena  is  of  primary  importance 
in  its  own  group.  The  multiple  causation  of 
fall  of  blood -pressure  presents  the  following 
analysis : — 

I.  CHC13  being  the  cause,  acting  negatively, 
the  disappearance  of  the  pulse  is  the  direct 
result  of  cardiac  exhaustion,  which  is  indirectly 
related,  through  the  intermediation  of  distension 
of  the  pulmonic  artery,  to  the  negative  action 
of  the  agent.  Its  early  or  late  occurrence  is 
determined  by  the  initial  degree  of  overdose, 
and  the  length  of  time  over  which  it  operates. 
The  disappearance  of  the  pulse,  as  the  indirect 
result  of  the  negative  action  of  CHC13,  is  im- 
possible in  the  state  of  anaesthesia,  for  the 
reason  that  its  intermediate  cause — viz.,  disten- 
tion of  the  pulmonic  artery — is  absent. 

II.  The  direct  cause  of  the  disappearance  of 
the  pulse  during  either  anaesthesia  or  narcosis 
is  reflex  stimulation  of  the  vaso-motor  centre. 
The  vaso-motor  centre  may  be  reflexly  stimu- 
lated, either  early  or  late,  in  the  course  of 
CHC13- unconsciousness.  In  the  case  of  anaes- 
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thesia,  the  complication  runs  its  natural  course 
without  any  opposition.  But  in  the  case  of 
narcosis,  the  progress  of  the  complication  is 
interrupted,  and  what  is,  in  normal  conditions, 
a temporary  disappearance  of  the  pulse,  becomes 
a relatively  permanent  one  when  the  return  of 
the  blood  from  the  portal  to  the  main  circula- 
tion is  delayed  at  the  alveoli.  But  it  ceases 
to  be  permanent  when  the  factor  upon  which 
permanence  depends  — viz.,  alveolar  obstruc- 
tion— is  removed  by  artificial  respiration. 

It  is  this  group  of  examples, — fall  of  blood- 
pressure  deriving  from  reflex  stimulation  of  the 
vaso-motor  centre,  associated  with  some  degree 
of  obstructed  respiration,— in  which  the  pulse 
disappears  before  the  respiration  fails,  that  gave 
support  to  the  opinion  that  CHC13  acts  directly 
upon  the  heart.  And  it  is  to  this  group  that 
the  vast  majority  of  instances  of  fall  of  blood- 
pressure  belong.  And  the  reason  why  they 
present  a greater  element  of  danger  than  simple 
cases  of  CHCl3-narcosis  is  that  they  are  associ- 
ated with  alterations  in  the  states  of  the  circu- 
latory and  respiratory  systems  that  are  suddenly 
or  rapidly  induced,  whereas,  in  the  latter,  these 
changes  are  induced  more  or  less  gradually. 

§ 83.  CHCls  or  product  of  decomposition  cir- 
culating in  blood.  — The  opinion  that  CHC13 
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affects  directly  either  the  respiratory  centre 
or  the  heart,  presupposes  its  presence  in  the 
blood.  It  is  absorbed  into  the  blood,  and 
carried  by  the  circulation  to  those  parts.  But 
the  actual  presence  of  CHC13  in  the  blood  has 
as  yet  not  been  demonstrated.  It  possesses 
a characteristic  odour,  but  not  the  slightest 
trace  of  it  is  recognised  in  blood  issuing  from 
a wound  during  CHCl3-unconsciousness,  either 
in  anaesthesia,  where  the  blood  is  apparently 
normal,  so  far  as  colour  is  concerned,  or  in 
narcosis,  where  the  blood  is  dark ; the  explana- 
tion of  discoloration  being,  for  the  present, 
given  to  negative  action. 

There  is  a presumption,  therefore,  that  CHC13 
does  not  exist  in  the  blood.  Assuming  that 
it  does  not,  it  will  undergo  some  change 
either  in  the  way  of  decomposition  or  enter- 
ing into  a higher  combination.  The  CHC13- 
product  will  thus  be  the  cause  of  respiratory 
arrest  or  cardiac  depression.  But  the  same 
difficulty  surrounds  its  identification  in  the 
blood,  as  affects  CHC13  itself.  It  eludes  all 
attempts  at  isolation.  Nothing  can  positively 
be  ascertained  concerning  it  from  the  examina- 
tion of  the  blood  or  urine. 

If  CHC13  does  not  exist  in  the  blood,  what 
evidence  is  there  that  its  product  is  the  direct 
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cause  of  cardiac  weakness  ? The  disappear- 
ance of  the  pulse.  But  does  the  disappearance 
of  the  pulse  necessarily  originate  in  the  heart  ? 
No,  for  it  is  also  the  direct  result  of  reflex 
stimulation  of  the  vaso-motor  centre,  the  ac- 
companying reduced  action  of  the  heart  being 
indirectly  produced.  If,  however,  it  does 
originate  in  the  heart,  is  it  necessarily  associ- 
ated with  weakness,  such  as  is  directly  caused 
by  the  action  of  a cardiac  depressant?  No, 
for  temporary  exhaustion  results  from  over- 
work, which  means  the  consumption  of  more 
than  the  normal  amount  of  energy.  If,  lastly, 
it  does  originate  in  cardiac  weakness,  is  the 
heart  necessarily  depressed  by  the  direct  effect 
of  the  CHClg- product  ? No,  for  the  heart  is 
in  some  cases  initially  abnormal,  and  its 
function  liable  to  fail  at  a moment  which 
cannot  be  determined.  The  argument  drawn 
from  the  disappearance  of  the  pulse,  even  sup- 
posing the  CHClg-product  to  be  present,  and 
assumed  to  be  effective,  is  thus  inconclusive. 
For,  1,  the  pulse  may  temporarily  disappear 
without  any  primary  change  in  the  action  of 
the  heart ; 2,  the  pulse  may  temporarily  dis- 
appear as  the  consequence  of  a change  in 
the  condition  of  the  right  side  of  the  heart, 
indirectly  caused  by  alveolar  obstruction. 


PHYSIOLOGICAL  ACTION  OF  CHCl3.  1 29 

§ 84.  Direct  and  indirect  action  : remote  results. 
— CHClg-action  is  associated  with  the  state  of 
unconsciousness.  The  natural  state  of  uncon- 
sciousness is  composed  of,  1,  automatic  res- 
piration ; 2,  the  contracted  pupil ; and,  3, 
muscle-relaxation,  and  is  consequent  upon  the 
suspension  of  the  functions  of  the  cerebral 
centres.  In  the  case  of  CHC13,  there  are 

different  degrees  of  result  upon  the  cerebral 
centres  according  to  the  degree  of  its  action. 
This  follows  from  the  difference  in  the  time 
required  for  the  recovery  of  their  functions. 
Thus,  in  anaesthesia,  the  interval  between  un- 
consciousness and  consciousness  is  relatively 
short ; in  narcosis  it  is  relatively  long,  its 
length  being  directly  proportioned  to  the  degree 
of  narcosis. 

The  phenomena  are  not  the  same  in  anaes- 
thesia and  narcosis.  The  pupil  is  dilated  and 
sluggish,  and  muscle-tone  is  diminished  in  the 
latter,  whereas,  in  the  former,  the  pupil  is 
contracted,  and  there  is  at  its  commencement 
no  perceptible  change  in  muscle-sensitiveness. 
But  in  the  course  of  anaesthesia,  the  tendency 
to  become  less  sensitive  to  the  influence  of  a 
local  stimulus  appears. 

The  question  then  arises,  are  these  differences 
— viz.,  dilatation  of  the  pupil  and  diminished 
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muscle-tone  — dependent  upon  a higher  degree 
of  result  on  the  cerebral  centres,  associated 
with  the  purely  physiological  action  of  CHC13? 
For  its  negative  action  certainly  does  not  cause 
indirectly  the  sluggish,  dilated  pupil,  and  prob- 
ably is  not  the  chief  factor  in  the  causation 
of  diminished  muscle-tone. 

Now,  in  the  case  of  the  pupil,  there  is  no 
one  condition  of  it  which  is  the  invariable 
concomitant  of  all  states  of  unconsciousness, 
however  they  may  be  produced.  Thus  natural 
sleep  is  associated  with  the  contracted  pupil; 
so  is  opium  - narcosis,  and  CHC13  - anaesthesia, 
while  in  CHC13- narcosis  and  alcohol  poisoning 
it  is  dilated.  The  same  want  of  uniformity  is 
also  obvious  when  the  cause  is  pathological. 
Unconsciousness  resulting  from  haemorrhage 
may  be  associated  with  either  a dilated  or 
contracted  pupil.  The  inference,  therefore,  is 
that  there  is  no  intimate  relationship  between 
the  condition  of  the  cerebral  centres  and  that 
of  the  pupil,  and  the  size  of  the  pupil  will 
thus  be  determined  by  a causal  factor  which 
is  directly  related  to  it.  Such  a causal  factor 
may  appear  as  the  intermediate  result  of  the 
primary  cause.  It  may  exist  as  a tendency, 
the  effect  of  which  is  counteracted  by  the 
influence  of  certain  conditions,  and  becomes 
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manifested  when  these  begin  to  offer  less 
resistance  to  its  action. 

There  is  some  ground  for  the  assumption  that 
the  relationship  between  CHCl3-action  and  the 
pupil  is  of  a more  intimate  nature  than  that 
of  secondary  causation.  The  variations  in  size 
which  it  undergoes  are  directly  proportionate 
to  variations  of  the  degree  of  CHC13- narcosis. 
There  are,  then,  three  phenomena  which  are 
invariably  associated  with  the  state  of  narcosis 
— viz.,  the  dilatation  of  the  pupil,  diminution 
of  muscle-tone,  and  the  abnormal  condition  of 
the  centres  of  consciousness.  And  these  form 
the  foundation  of  the  inductive  investigation 
of  the  physiological  action  of  CHC13.  Each 
undergoes  a degree  of  variation  which  is  directly 
proportioned  to  the  degree  of  variation  of  the 
narcotic  action  of  CHC13.  Their  several  varia- 
tions, therefore,  in  any  one  example,  are  directly 
proportioned  to  each  other.  The  dilatation  of 
the  pupil  may  be  partly  or  wholly  due  to 
diminution  of  muscle-tone.  As  the  size  of  the 
pupil  increases,  the  sensitiveness  of  the  iris 
diminishes  in  an  inverse  proportion.  Assum- 
ing that  diminution  of  muscle-tone  is  the  sole 
factor  in  the  causation  of  dilatation,  variations 
in  the  size  of  the  pupil  would  consequently 
become  “ accidental  ” phenomena,  and  thus 
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subserve  the  purpose  of  indicating  the  charac- 
teristic change  affecting  the  iris — viz.,  dimin- 
ished muscle-tone. 

What,  then,  is  the  relationship  between  the 
abnormal  condition  of  the  cerebral  centres  and 
diminished  muscle-tone?  Are  they  both  the 
indirect  results  of  the  same  primary  cause,  or 
do  they  possess  a direct  causal  relationship  ? 
In  the  latter  contingency,  the  “antecedent” 
will  be  the  abnormal  condition  of  the  cerebral 
centres,  and  the  “ consequent,”  the  abnormal 
condition  of  the  striped  muscles,  inferred  from 
the  impairment  of  their  function.  But  is  it 
the  fact  that  the  abnormal  condition  of  the 
centres  of  consciousness,  when  it  varies  in 
degree,  is  invariably  followed  by  a correspond- 
ing degree  of  impairment  of  muscular  function  ? 
No,  for  the  relationship  between  those  centres 
and  the  voluntary  muscular  system  is  not  a 
direct  one,  but  they  are  connected  through 
intermediate  co-ordinating  centres.  The  volun- 
tary muscles  are  thus  subject  to  the  direct 
influence  of  these  lower  centres,  and  also  to 
variations,  both  of  quantity  and  quality,  of  the 
blood  supplied  to  them. 

Diminished  muscle -tone  and  the  abnormal 
condition  of  the  cerebral  centres  are  therefore 
collateral  results  of  CHC13- action.  Now,  CHC13, 
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in  its  physiological  sphere  of  action,  can  only 
have  one  effect.  The  part  upon  which  this 
effect  is  produced  cannot  be  the  seat  of  con- 
sciousness, for  the  simple  reason  that  different 
degrees  of  the  abnormal  condition  of  the  cere- 
bral centres  do  not  explain  the  different  degrees 
of  diminished  muscle-tone.  Nor  can  it  be  the 
voluntary  muscular  system,  for  primary  muscle- 
changes  are  known  to  be  in  no  wise  related 
to  changes  in  the  cerebral  centres. 

As  neither  diminished  muscle-tone  nor  the 
abnormal  condition  of  the  cerebral  centres  can 
be  proved  to  be  a direct  result,  it  follows  that 
they  are  both  indirect  results  of  CHC13- action. 
They  have,  therefore,  a common  cause,  which 
is  the  direct  result  of  the  physiological  action 
of  CHCLj.  Variations  in  the  degree  of  CHC13- 
action  are  followed  by  corresponding  variations 
in  the  degree  of  action  of  its  intermediate  cause. 
And  variations  in  the  latter  will  explain  the 
direct  proportion  which  exists  between  the  ac- 
companying variations  in  degree,  both  of  the 
abnormal  condition  of  the  cerebral  centres  and 
of  diminished  muscle-tone. 

The  action  of  a cause  is  immediately  followed 
by  its  effect,  which  becomes  manifested  in  the 
resulting  change  of  the  condition  of  the  part 
affected.  This  is  the  primary  or  fundamental 
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phenomenon.  But  when  the  part  primarily 
affected  is  intimately  connected  with  another 
part,  or  parts,  the  changes  induced  in  the 
former  are  followed  by  corresponding  changes 
in  the  latter.  And  these  also  become  mani- 
fested in  their  several  results.  In  the  course 
of  CHClg-action,  many  phenomena  appear  sim- 
ultaneously or  in  succession.  The  fundamental 
phenomenon  is  the  first  to  appear,  and  is 
followed  by  other  phenomena  which  are  called 
indirect,  because  their  connection  with  the 
action  of  the  primary  cause  is  not  so  intimate 
as  that  of  the  former.  But  in  the  case  of 
CHClg,  a very  considerable  difficulty  is  pre- 
sented at  the  outset  by  its  multiple  action. 
For  the  first  phenomenon  to  appear  is  accelera- 
tion of  the  respiration.  The  administration  of 
CHClg  is  associated  with  the  displacement  of 
air.  A reduction  of  the  normal  amount  of  air 
is,  under  these  circumstances,  followed  by  in- 
creased frequency  of  respiration.  There  is  a 
cause,  present  and  in  operation,  other  than 
the  physiological  action  of  CHC13,  to  explain 
the  stimulation  of  the  respiratory  centre.  It 
is  associated  with  the  negative  action  of  CHC13. 
Consequently,  the  isolation  of  the  fundamental 
phenomenon  of  the  physiological  action  of 
CHC13  is  obscured. 
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The  difficulty  in  determining  the  part  which 
is  primarily  affected  by  CHC13,  acting  physio- 
logically, may  therefore  be  the  source  of 
erroneous  conclusions  drawn  from  the  results 
of  experiments.  For  it  is  conceivable  that 
while  the  amount  of  CHC13  is  made  to  vary 
in  the  CHCl3-air  atmosphere,  the  condition  of 
the  part  may  be  different  in  different  examples — 
in  some  being  normal,  and  in  others  presenting 
not  only  different  kinds  of  abnormality  but  also 
different  degrees  of  the  same  abnormality.  In 
these  circumstances,  sound  conclusions  are  im- 
possible, for  the  reason  that  the  influence  of  a 
disturbing  factor — viz.,  the  condition  of  the  part 
affected  is  not  taken  into  consideration.  When 
the  degree  of  action  of  a cause  is  constant,  and 
the  condition  of  the  part  it  affects  is  the  same 
in  different  examples,  the  results  will  be  uniform. 
If  the  degree  of  action  is  normal  and  the  con- 
dition of  the  part  normal,  then  the  results  will 
be  normal.  But  in  the  case  of  CHC13,  the 
same  degree  of  action  is  not  in  all  examples 
attended  by  uniformity  in  results.  To  arrive 
at  uniformity  it  is  necessary  to  classify  the 
examples  according  as  they  present — i,  differ- 
ences in  quantity,  and,  2,  differences  in  quality 
of  the  blood.  Thus,  the  same  amount  of  CHC13 
is  required  for  the  induction  of  anaesthesia, 
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when  the  amount  of  blood  is  the  same.  When 
this  amount  is  less,  then  less  CHC13  will  be 
needed  to  induce  anaesthesia  — i.e.,  a less 
degree  of  CHC13- action  will  be  required.  So 
in  anaemia,  the  greater  its  degree,  the  less  the 
amount  of  CHC13  necessary  to  induce  anaes- 
thesia. These  data  point  to  a direct  relation 
between  CHC13  and  the  blood.  But  before 
such  a relation  can  be  admitted  it  is  necessary 
to  exclude  the  influence  of  the  negative  action 
of  CHC13.  There  is  a displacement  of  air  in 
the  atmosphere  breathed,  and  consequently  a 
reduction  of  the  volume  of  oxygen  in  the  blood, 
during  the  administration  of  CHC13.  The  re- 
duction of  oxygen  in  the  blood  is  known  to 
be  followed  by  comparatively  greater  results  in 
the  anaemic  than  in  the  normal.  The  negative 
action  of  CHC13  will  thus  provide  a reason  for 
the  difference  in  the  amounts  of  CHC13T’ which 
they  respectively  require. 

In  regard  to  the  intermediate  cause,  which 
is  the  result  of  CHCl3-action,  the  following 
have  to  be  considered : 1,  the  phenomena  of 
CHCl3-action  are  evanescent — i.e.,  in  order  to 
their  maintenance,  it  is  necessary  to  continue 
the  administration  of  CHC13.  This  fact  is 
demonstrated  by  means  of  the  normal  method 
— viz.,  the  use  of  the  anaesthetic  quantity  at 
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short  intervals;  and,  2,  CHC13  is  destroyed,  and 
therefore  its  dependent  cause  ceases  to  operate, 
and  its  results  disappear.  These  results  begin 
to  disappear  immediately  after  the  withdrawal 
of  CHC13.  It  follows,  therefore,  that  the  con- 
nection between  the  intermediate  cause  and 
its  results  is  a very  sensitive  one.  And  as 
there  is  no  trace  of  any  enduring  abnormal 
result  after  the  return  to  consciousness,  it  also 
follows  that  the  part  which  is  primarily  affected 
by  CHC13,  the  abnormal  condition  of  which 
is  responsible  for  the  phenomena  of  its  physio- 
logical action,  recovers  its  normal  condition. 

§ 85.  Relation  of  CHClz  to  the  phenomena  ap- 
pearing in  the  course  of  its  action. — It  is  necessary, 
therefore,  to  inquire  into  the  relation  which 
exists  between  the  physiological  action  of 
CHC13  and  each  individual  phenomenon  which 
accompanies  it ; and  to  explain  its  manner  of 
causation,  not  by  assuming  one  particular  causal 
factor,  but  by  the  enumeration  of  all  the  pos- 
sible factors,  and  the  successive  exclusion  of 
those  which  are  unequal  to  account  for  the 
facts.  Thus,  the  blood  is  discoloured  in  nar- 
cosis, but  in  anaesthesia  there  is  no  change 
of  colour  that  can  be  detected  by  the  naked 
eye.  In  narcosis,  the  negative  action  of  CHC13 
explains  the  dark  colour  of  the  blood.  It  might 
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be  thence  inferred  that  the  physiological  action 
of  CHCI3  has  no  influence  on  the  colour  of 
the  blood.  But  before  a universal  conclusion 
can  be  reached,  all  the  data  entering  into  it 
have  to  be  considered.  One  of  these  is  the 
difference  in  the  degree  of  CHC13- action.  Now, 
experience  proves  that  the  conclusion  is  true 
when  the  degree  of  CHC13- action  is  limited 
to  the  anaesthetic.  In  CHC13- narcosis,  how- 
ever, there  are  two  factors,  one  being  the 
negative,  the  other  the  narcotic,  action  of 
CHC13.  It  is  possible,  therefore,  that  the 
narcotic  action  of  CHC13  may  cause  to  some 
extent  the  discoloration  of  the  blood.  It  does 
not  necessarily  follow  that  because  one  degree 
of  CHCl3-action  is  not  associated  with  dark 
blood  a different  degree  is  also  unaccompanied 
by  this  abnormal  condition.  Proof,  therefore, 
is  to  be  adduced  that  the  physiological  action 
of  CHC13,  in  narcotic  degree,  does  not  discolour 
the  blood  before  the  conclusion  becomes  uni- 
versal that  CHC13  produces  no  alteration  in 
the  colour  of  the  blood. 

It  is  just  this  proof  that  is  so  difficult  to 
obtain  by  the  ordinary  means  of  administration. 
For  with  each  increase  in  the  proportion  of 
CHC13  in  the  CHCl3-air  atmosphere,  there  is 
a corresponding  diminution  in  the  volume  of 
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air.  Thus,  as  the  degree  of  narcosis  increases, 
so  does  the  discoloration  of  the  blood;  but 
at  the  same  time  negative  action  increases — 
i.e.y  the  proportion  of  air  diminishes.  The 
means  of  obtaining  this  proof  are  therefore  to 
be  sought  indirectly.  And  here  the  compara- 
tive study  of  different  kinds  of  narcosis  in  their 
relation  to  air  leads  to  the  acquisition  of  an 
important  datum.  Narcosis  is  induced  by  me- 
chanical means  up  to  a given  degree,  which 
is  measured  by  the  degree  of  discoloration  of 
the  blood.  When  the  obstruction  is  completely 
removed,  reoxygenation  of  the  blood  rapidly 
takes  place,  and  its  normal  colour  is  restored 
within  3"  or  4".  If  the  same  degree  of  discolora- 
tion of  the  blood  be  produced  by  a CHCl3-air 
atmosphere,  the  air-way  being  supposed  to  be 
normally  patent,  and  the  mixed  atmosphere 
changed  for  air,  reoxygenation  of  the  blood 
will  immediately  begin,  but  it  will  proceed  more 
slowly,  so  that  the  normal  colour  of  the  blood 
will  not  be  restored  until  after  an  interval  of 
30".  What  is  the  explanation  of  the  difference 
in  the  length  of  the  periods  required  by  these 
states  respectively  for  their  return  to  the  nor- 
mal ? Apparently  it  resides  in  some  factor 
which  retards  the  process  of  oxygenation  in 
CHCI3- narcosis.  This  factor,  then,  has  some 
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relationship  to  CHCl3-action,  for  the  above  ex- 
amples are  alike  in  all  respects  but  one — i.e., 
CHClg  is  acting  in  one  of  them  but  not  in 
the  other. 

It  will  be  obvious,  therefore,  that  this  datum 
supplies  a means  for  the  isolation  of  the  physio- 
logical action  of  CHC13.  The  possible  infer- 
ences are — 1,  CHC13  interferes  with  the  process 
of  oxygenation,  through  its  influence  on  the 
coloured  blood  - corpuscles  ; 2,  the  presence  of 
a CHClg-product  in  the  blood  tends  to  prevent 
the  absorption  of  oxygen;  and,  3,  CHC13  itself 
is  oxygenated  by,  and  consequently  abstracts 
oxygen  from,  the  blood. 

But  further  data  are  needed  in  order  to  prove 
or  disprove  any  of  these  possible  solutions.  And 
these  data  will  appear  in  the  following  series  of 
investigations. 

§ 86.  Relation  of  CHCl3  to  the  cerebral  centres. 
— The  cerebral  centres  are  more  sensitive  to 
changes  in  the  volume  of  oxygen  in  the  blood 
than  the  spinal  centres  or  nerves.  One  of  the 
reasons  for  this  is  their  relatively  large  blood- 
supply.  Another  one  is  their  extremely  delicate 
structure.  A certain  degree  of  reduction  in 
the  volume  of  oxygen  affects  their  nutrition, 
therefore,  so  far  as  oxygen  is  concerned,  in 
greater  degree  than  that  of  less  vascular  tissues. 
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Change  in  nutrition  is  synonymous  with  change 
in  function.  Thus  it  follows  that  the  functions 
of  the  cerebral  centres  may  be  suspended  with- 
out any  undue  interference  with  the  functions 
of  other  centres  and  tissues,  by  reducing  the 
proportion  of  oxygen  in  the  blood  to  a given 
percentage ; and  also  that  the  suspended  func- 
tion is  not  associated  with  any  change  in  the 
condition  of  the  centres  themselves,  other  than 
that  following  upon  a shortage  of  oxygen. 
When  the  volume  of  oxygen  is  restored  to  the 
normal,  the  conditions  for  normal  nutrition  are 
restored,  and  therefore  function  returns — i.e., 
consciousness.  And  if  function  quickly  returns 
to  the  normal,  it  is  proof  that  the  abnormal 
effect  upon  the  cerebral  centres  is  evanescent. 
But  suppose  the  proportion  of  oxygen  to  be 
reduced  below  that  which  is  actually  sufficient 
for  the  production  of  unconsciousness,  the  re- 
sult upon  the  cerebral  centres  will  be  an  in- 
crease in  the  impairment  of  their  nutrition. 
And  if  the  abnormal  degree  of  minus  oxygena- 
tion be  prolonged,  the  tendency,  which  is  at 
first  counteracted  by  the  reserve  power  of  the 
centres,  to  the  progressive  diminution  of  their 
vitality  will  appear.  A longer  interval  will  thus 
be  necessary  for  their  normal  oxygenation,  and 
its  length  will  be  determined  by  the  degree  of 
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deoxygenation  and  the  period  over  which  it 
extends.  But  though  the  return  to  conscious- 
ness in  these  abnormal  circumstances  will  be 
prolonged,  yet  no  permanent  change  is  induced 
in  the  condition  of  the  cerebral  centres.  For 
as  soon  as  they  become  normally  oxygenated, 
their  functions  will  be  normally  restored. 

There  is  then  a difference  of  degree  in  the 
minus  oxygenation  of  the  cerebral  centres. 
And  the  different  degrees  will  be  represented 
by  different  degrees  of  the  state  of  unconscious- 
ness. The  lowest  degree  of  unconsciousness  is 
termed  anaesthesia,  and  the  higher  degrees  are 
called  generally  states  of  narcosis,  the  particular 
degree  of  any  one  of  them  being  determined 
by  the  degree  of  discoloration  of  the  blood. 
In  the  case  of  CHC13,  the  size  of  the  pupil 
varies  directly  with  the  fundamental  phenome- 
non— viz.,  discoloration  of  the  blood.  It  is 
taken  to  be  the  measure  of  the  degree  of  CHC13- 
narcosis,  for  the  reason  that  delicate  variations 
in  its  size  are  more  accurately  estimated  than 
slight  alterations  in  the  colour  of  the  blood. 

The  phenomena  of  the  different  degrees  of 
the  physiological  action  of  CHC13  are  ac- 
companied and  sometimes  complicated  by  the 
results  of  its  negative  action.  In  anaesthesia, 
these  are  reduced  to  a minimum.  But  in 
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narcosis,  negative  action  is  not  completely 
counteracted.  And  thus  collateral  phenomena 
appear  in,  i,  the  abnormal  character  of  the 
respiratory  movements ; and,  2,  discoloration 
of  the  blood.  In  these  circumstances,  the 
physiological  results  tend  to  be  obscured.  It 
is  conceivable,  and  therefore  possible,  that  both 
the  negative  and  physiological  actions  of  CHC13 
are  related  to  the  same  part.  The  resulting 
phenomena  consequential  upon  this  combined 
action  will  therefore  be,  on  the  supposition  that 
they  are  so,  complex.  And  therefore  it  will 
become  necessary  to  analyse  each  complex 
phenomenon  with  its  component  parts,  and  to 
ascribe  each  of  them  to  its  proper  source  in 
negative  or  physiological  action. 

The  maximum  proportion  of  CHC13  in  the 
CHCl3-air  atmosphere  needed  for  the  induction 
of  anaesthesia  by  the  graduated  method  varies 
according  to  the  quantity  and  quality  of  the 
blood.  The  suspension  of  the  functions  of  the 
cerebral  centres  is  not  (and  cannot  be,  by  this 
means)  effected  immediately,  — for  the  reason 
that  there  is  a transitionary  period  between 
consciousness  and  unconsciousness,  which  is 
shorter  with  the  rapid,  longer  with  the  gradu- 
ated method.  During  it,  the  will  may  be  in- 
fluenced by  emotion,  and  manifest  itself  either 
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by  inhibition  of  the  breathing  or  muscular 
movements,  or  both.  The  degree  of  emotion 
may  also  become  intensified.  In  these  abnormal 
circumstances,  it  will  be  necessary  to  regulate 
the  CHCl3-air  atmosphere  to  the  actual  degree 
of  action  of  the  respiratory  machine,  on  the 
principle  that  a given  CHCl3-air  atmosphere, 
which  is  normal  for  the  normal  action  of  the 
respiratory  machine,  becomes  relatively  abnor- 
mal when  respiration  becomes  abnormal. 

In  the  course  of  the  induction  of  anaesthesia, 
external  consciousness  first  disappears,  and  is 
followed  after  an  interval  by  the  suspension 
of  the  purely  mental  functions.  The  last  of 
these  to  disappear  is  the  will.  And  the  last 
act  of  the  will  may  be  arrest  of  the  respiratory 
movements.  Voluntary  arrest  of  the  function 
of  the  respiratory  centre  may  occur  at  any 
stage  in  the  course  of  the  induction  of  uncon- 
sciousness. It  is  always  necessary,  therefore, 
in  view  of  this  possibility,  to  preserve  the 
different  components  of  the  respiratory  machine 
in  their  natural  condition. 

The  use  of  the  anaesthetic  proportion  of 
CHC13  in  the  CHCl3-air  atmosphere,  continued 
at  regulated  intervals,  counteracts  in  normal 
examples  the  tendency  to  its  physical  action. 
The  action  of  the  agent,  CHC13,  is  thus  made, 
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as  far  as  is  possible,  constant.  The  advantage 
of  this  constant  action  is  evident  in  the  facility 
with  which  the  operation  of  an  intervening 
cause  is  studied.  But  in  order  to  maintain 
the  state  of  anaesthesia,  the  proportion  of  CHC13 
in  the  CHCl3-air  atmosphere  has  to  be  pro- 
gressively diminished,  in  accordance  with  the 
law  of  diminishing  resistance.  The  abnormal 
condition  of  the  cerebral  centres,  associated 
with  the  complete  suspension  of  their  functions, 
being  maintained  by  a relatively  less  degree 
of  CHC13- action,  it  follows  that  the  centres 
undergo  some  change,  which  renders  them 
more  sensitive  to  the  influence  of  CHC13. 
Now,  there  is  evidence  that,  in  the  course 
of  anaesthesia,  they  receive  less  than  the  nor- 
mal supply  of  oxygen.  But  a small  degree 
of  shortage  in  this  respect  is  not  immediately 
followed  by  a change  in  the  condition  of  the 
cerebral  centres.  Like  other  tissues,  they 
oppose  more  or  less  resistance  to  alteration 
in  their  nutritional  surroundings,  and  thus  tend 
to  preserve  a state  of  equilibrium.  But  their 
power  of  resistance,  which  is  expressed  in  the 
actual  degree  of  their  vitality,  is  thereby  re- 
duced, and  in  order  to  restore  it  to  its  normal 
capacity  again  oxygen  is  needed.  If,  there- 
fore, the  disturbing  factor  — viz.,  shortage  of 
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oxygen  — is  not  removed  after  the  interval, 
during  which  its  encroachment  f upon  their 
vitality  has  been  successfully  resisted,  its  tend- 
ency becomes  effective  in  the  less  degree  of 
resistance  which  is  opposed  to  it.  And  the 
degree  of  resistance  will  be  progressively  dimin- 
ished if  the  shortage  of  oxygen  remains  the 
same ; but  maintained  at  its  highest  possible 
under  the  abnormal  circumstances,  if  the  pro- 
portion of  oxygen  is  progressively  increased. 
This  change  in  the  condition  of  the  cerebral 
centres,  induced  by  the  prolonged  action  of 
CHCI3,  is  the  foundation  of  the  law  of  dimin- 
ishing resistance.  They  become  more  sensitive 
to  the  influence  of  CHC13  in  the  course  of  its 
action,  and  therefore,  in  order  to  produce  the 
same  result  in  them,  less  of  the  agent  is 
needed. 

The  same  degree  of  CHC13- action,  if  pro- 
longed, will  be  followed  by  an  increase  in  the 
degree  of  results.  Thus,  the  same  proportion 
of  CHClg  in  the  CHCl3-air  atmosphere  is 
“ anaesthetic  ” for  the  first,  “ narcotic  ” for 
the  subsequent  periods  of  unconsciousness. 
And  CHCI3  - narcosis  implies  impairment  of 
the  function  of  aeration.  Now,  the  same  de- 
gree of  CHCl3-action  being  associated  with  the 
normal  colour  of  the  blood  and  the  contracted 
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pupil  at  an  early  stage,  and  with  discoloration 
of  the  blood  and  dilatation  of  the  pupil  at  a 
later,  the  question  arises,  what  is  the  cause  of 
the  difference  in  results?  Change  in  the  con- 
dition of  the  cerebral  centres  cannot  explain 
the  occurrence  of  these  phenomena.  Their 
causation,  therefore,  is  to  be  sought  elsewhere. 
And  there  is  the  following  indication  of  its 
origin.  For  the  same  CHCl3-air  atmosphere 
is  not  invariably  associated  with  the  state  of 
narcosis : it  becomes  so  only  when  the  cir- 
cumstances are  favourable.  The  circumstances 
point  to  the  physical  action  of  CHC13.  The 
CHCl3-air  atmosphere,  after  a while,  is  not 
efficiently  expelled  by  the  action  of  the  respir- 
atory machine.  Consequently,  the  power  of 
the  latter  undergoes  some  degree  of  reduction. 
The  explanation  of  the  occurrence  of  the  phe- 
nomena of  narcosis  in  the  course  of  the  con- 
tinued initial  anaesthetic  degree  of  CHCl3-action 
is  thus  traced  to  a reduction  of  the  power  of 
the  respiratory  machine. 

The  relation  between  CHC13- action  and 
the  set  of  phenomena,  comprising  automatic 
respiration,  muscle- relaxation,  and  the  con- 
tracted pupil,  is  thus  defined.  They  are  the 
concomitants  of  the  suspended  functions  of 
the  cerebral  centres.  In  the  state  of  uncon- 
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sciousness,  the  connection  between  the  cerebral 
centres  and  the  respiratory  centre  is  tempor- 
arily interrupted;  and,  consequently,  the  latter 
assumes  its  natural  action.  So,  in  the  case 
of  the  voluntary  muscles,  they  are  temporarily 
disconnected  from  the  centres  of  volition ; and, 
consequently,  they  assume  their  natural  condi- 
tion. But  their  connection  with  the  spinal 
centres  is  not  affected  by  the  suspension  of 
the  functions  of  the  cerebral.  Reflex  stimula- 
tion will  therefore,  on  the  supposition  that 
no  dependent  or  independent  condition  inter- 
venes and  prevents  it,  be  followed  by  move- 
ment. In  the  case  of  the  pupil,  its  natural 
state,  so  far  as  regards  the  simple  suspension 
of  the  cerebral  functions,  is  the  contracted. 
But  its  size  may  be  affected  in  a positive  way 
by  the  action  of  CHC13. 

These  phenomena,  therefore,  with  the  excep- 
tion of  the  sluggish  pupil,  are  but  secondarily 
related  to  CHC13  - action.  CHC13  suspends 
either  directly  or  indirectly,  and  the  evidence 
is  in  favour  of  the  latter  means,  the  function 
of  the  cerebral  centres.  And  the  contracted 
pupil,  muscle  relaxation,  and  automatic  respira- 
tion appear  as  the  natural  consequences  of  the 
interrupted  relation  between  the  pupil,  voluntary 
muscles,  and  the  respiratory  centre  on  the  one 
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hand,  and  the  suspended  functions  of  the 
cerebral  centres  on  the  other.  But  the  pupil 
is  dilated,  and  the  muscles  are  less  sensitive 
to  the  influence  of  direct  stimulation,  in  CHC13- 
narcosis.  These  facts  supply  evidence  of  the 
presence  of  a causal  factor,  which  is  independ- 
ent of  the  suspended  functions  of  the  cerebral 
centres.  Thus,  a causal  factor  dependent  on 
CHCl3-action  suspends  the  cerebral  functions, 
and  causes  secondarily  muscle-relaxation.  But 
in  CHC13- narcosis,  a causal  factor  also  depend- 
ent on  CHC13  produces  loss  of  muscle-tone. 
It  is  probable,  therefore,  that  these  causal 
factors  are  identical.  Thus,  the  action  of 
CHC13  causes  on  supposition  deoxygenation  of 
the  blood,  and  deoxygenated  blood  (i)  suspends 
the  functions  of  the  cerebral  centres,  and  is 
accompanied  by  simple  muscle-relaxation  when 
the  degree  of  its  intensity  is  limited  to  anaes- 
thesia, and  (2)  causes  loss  of  muscle-tone  when 
present  in  a higher  degree  of  intensity. 

The  subsidiary  conclusions  derived  from  the 
investigation  of  the  relation  between  CHC13 
and  the  cerebral  centres  are  the  following : 
I.  There  is  a source  of  deoxygenation  of  the 
blood  in  the  negative  action  of  CHC13.  This 
is  actually  evidenced  in  narcosis.  There  is 
retardation  in  the  oxygenation  of  the  blood  in 
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narcosis.  The  oxygen  supply  to  the  cerebral 
centres  is  gradually  restored  to  the  normal,  and 
coincides  with  the  gradual  return  of  the  cerebral 
functions.  There  is  no  permanent  disturbance 
induced  in  the  condition  of  the  cerebral  centres 
— i.e.t  as  soon  as  the  action  of  CHC13  is  made 
to  cease  the  cerebral  centres  do  not  remain 
in  the  same  abnormal  condition  which  they 
are  in  before  its  removal,  but  immediately 
begin  to  recover  their  functions.  The  progress 
of  their  recovery  may  be  delayed  by  the  in- 
fluence of  a collateral  cause — viz.,  the  displace- 
ment backwards  of  the  base  of  the  tongue — 
which  operates  by  diminishing  the  supply  of 
air  to  the  alveoli,  and  consequently  retarding 
the  normal  oxygenation  of  the  blood.  II.  There 
is  no  actual  evidence  of  a reduction  in  the 
volume  of  oxygen  in  the  blood  in  anaesthesia. 
The  amount  of  air  displaced  by  the  vapour  of 
CHC13  in  this  degree  of  its  action  does  not 
suffice  to  explain  the  suspension  of  the  function 
of  the  cerebral  centres ; for  a higher  degree 
of  deoxygenation  than  it  produces  is  needed 
for  that  purpose.  The  colour  of  the  blood  is 
apparently  normal  in  anaesthesia,  while  it  is 
dark  in  narcosis.  On  the  supposition  that  there 
is  less  than  the  normal  volume  of  oxygen  in 
the  blood  in  anaesthesia,  it  follows,  i,  that  there 
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are  some  degrees  of  its  deoxygenation  which 
are  not  associated  with  its  discoloration ; and, 
2,  that  if  +C0.2  is  the  cause  of  discoloration, 
a diminution  of  the  volume  of  oxygen  may  be 
present  without  a corresponding  increase  of 
the  volume  of  the  former. 

On  the  assumption  that  CHC13  exercises  a 
direct  influence  on  the  cerebral  centres,  where 
the  condition  of  these  varies  from  the  normal, 
as  in  delirium  tremens,  hydrophobia,  the  status 
epilepticus,  and  in  the  insane,  it  should  tend 
to  introduce  abnormality  in  the  result.  Thus, 
the  anaesthetic  amount  for  a normal  case  would 
be  narcotic  for  one  that  presented  cerebral 
centres  opposing  less  than  the  normal  resistance 
to  the  action  of  CHC13,  and  insufficient  to 
produce  anaesthesia  in  another  whose  cerebral 
centres  opposed  a greater  resistance  than  the 
normal.  But  no  such  abnormality  universally 
occurs.  When  it  does  occur,  it  is  invariably 
accompanied  by  some  variation  from  the  normal 
either  of  the  quantity  or  quality  of  the  blood. 
For  example,  in  the  status  epilepticus  a less 
degree  of  CHC13- action  than  the  anaesthetic  is 
needed  to  induce  unconsciousness,  not  because 
the  cerebral  centres  are  primarily  abnormal, 
but  because  the  quality  of  the  blood  is  abnormal. 
There  is  invariably  some  degree  of  deoxygena- 
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tion  of  it.  And  experience  shows  that  in  that 
condition  of  the  blood,  without  any  exception 
and  however  it  may  be  produced,  less  than  the 
normal  amount  of  CHC13  suffices  to  induce 
unconsciousness,  the  actual  amount  in  any 
particular  case  being  determined  by  the  degree 
of  deoxygenation  which  is  present. 

The  relationship  between  deoxygenation  and 
unconsciousness  may  be  drawn  from  experiments 
with  a neutral  — OXy- atmosphere.  Such  an 
atmosphere  is  provided  by  nitrous-oxide  gas, 
which  temporarily  takes  the  place  of  oxygen, 
forming  a weak  combination  with  haemoglobin. 
But  the  degree  of  deoxygenation  necessary  to 
produce  unconsciousness  cannot  by  this  means 
be  reached  without  considerable  impairment  of 
the  function  of  respiration.  For  it  induces  dis- 
tension of  the  pulmonic  artery;  and  distension 
of  the  pulmonic  artery  leads  to  distension  of 
the  right  side  of  the  heart,  and,  remotely,  to 
general  venous  distension.  The  duration  of  un- 
consciousness induced  by  nitrous -oxide  gas  is 
thus  necessarily  short.  A certain  degree  of 
deoxygenation  being  a cause  of  the  suspension 
of  the  functions  of  the  cerebral  centres,  it  is 
conceivable  that  it  may  be  effected  by  another 
means  than  that  of  diminishing  the  proportion 
of  oxygen  in  the  atmosphere  which  is  respired, 
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or  even  of  its  complete  withdrawal — viz.,  by  the 
abstraction  of  oxygen  by  an  agent  circulating 
in  the  blood.  The  seat  of  deoxygenation  would 
thus  be  transferred  from  the  alveoli,  where  it  is 
necessarily  associated  with  impairment  of  the 
functions  of  respiration  and  aeration,  to  the 
blood  itself,  in  which  deoxygenation  may  take 
place  without  any  impairment  of  these  functions, 
provided  that  the  introduction  of  the  agent, 
which  is  effected  by  respiration,  is  not  accom- 
panied with  impairment  of  aeration.  And, 
further,  the  action  of  the  agent  can,  on  the 
supposition,  be  limited  to  the  necessary  degree 
of  deoxygenation.  And  as  the  phenomenon 
accompanying  any  degree  of  unconsciousness, 
and  determining  it — viz.,  automatic  respiration 
— does  not  determine  its  degree,  and  as  it  is 
essential  to  use  the  lowest  degree  of  uncon- 
sciousness, the  knowledge  of  the  phenomena 
which  characterise  that  degree — viz.,  normal 
colour  of  the  blood  and  the  contracted  pupil — 
will  lead  to  the  limitation  of  the  action  of 
CHCI3  to  its  lowest  or  anaesthetic  degree. 

§ 87.  The  relation  of  CHClz  to  the  respiratory 
centre. — The  first  phenomenon  appearing  in  the 
course  of  the  action  of  CHC13,  in  the  absence 
of  complications,  is  increased  frequency  of  the 
respiration.  The  frequency  gradually  increases 
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in  direct  proportion  to  the  gradual  increase  of 
the  degree  of  CHC13- action,  until  it  reaches 
the  maximum  of  28,  at  the  onset  of  normal 
anaesthesia.  In  the  progress  of  the  state  of 
anaesthesia,  which  is  effected  by  a progressive 
diminution  of  the  degree  of  CHC13- action, 
increased  respiratory  frequency  presents  two 
stages.  The  first  is  characterised  by  its  sta- 
bility, and  extends  over  a period  of  30'  in 
normal  examples  — a less  degree  of  CHC13- 
action  being  thus  associated  with  the  same 
degree  of  frequency  of  the  respiration.  In  the 
second  there  appears  an  additional  increase  in 
the  frequency,  which  has  an  interval  of  relative 
stability,  and  afterwards  is  followed  by  a further 
increase  in  its  degree  : thus  a diminishing  degree 
of  CHCl3-action  is  associated  with  an  increasing 
degree  of  respiratory  frequency. 

Volition  successfully  counteracts  this  influ- 
ence of  CHC13- action.  In  the  case  of  the 
lower  degrees  of  the  emotional  state,  the  initial 
increased  frequency  of  respiration  is  affected  in 
the  same  way  as  in  the  normal — i.e.,  its  degree 
is  gradually  raised  until  the  onset  of  automatic 
respiration.  But  the  maximum  frequency  in 
any  particular  instance  is  not  a pure  result, 
for  the  reason  that  the  secondary  influence  of 
emotion  on  the  respiratory  centre  does  not 
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cease  immediately  when  anaesthesia  is  induced. 
A period  of  3',  during  which  all  traces  of 
emotional  results  disappear,  is  therefore  allowed 
to  elapse  before  the  frequency  of  respiration  is 
taken,  in  order  to  obtain  a CHCl3-record  free 
from  complication.  In  the  case  of  initial  ac- 
celeration of  the  respiration — fever,  pneumonia 
— which  is  relatively  permanent  to  the  period  of 
CHCl3-action,  the  same  variations  are  manifested 
as  in  a normal  example.  But  the  respiratory 
frequency  is  never  in  any  one  instance  a simple 
CHCl3-product,  for  the  reason  that  a cause  of 
respiratory  frequency,  acting  independently  of, 
and  simultaneously  with,  CHC13,  is  always 
present. 

Increased  frequency  of  respiration  is  the 
consequence  of  stimulation  of  the  respiratory 
centre.  There  is  a known  cause  of  stimulation, 
provided  by  the  negative  action  of  CHC13,  in 
the  diminution  of  the  volume  of  oxygen  or 
increase  in  that  of  C02  in  the  blood.  The 
degree  of  stimulation  determines  the  degree  of 
respiratory  frequency.  Hence,  as  the  negative 
action  increases — i.e.,  there  is  a smaller  pro- 
portion of  air  in  the  CHCl3-air  atmosphere — the 
degree  of  the  stimulus  will  be  increased  (the 
air-way  being  supposed  to  be  always  normally 
patent).  Respiratory  frequency,  therefore,  will 
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be  greater  in  narcosis  than  in  anaesthesia.  And 
as  there  are  different  degrees  of  narcosis,  it  will 
be  relatively  greater  in  the  higher  than  in  the 
lower  ones.  On  the  withdrawal  of  CHC13 
respiratory  frequency  is  at  once  reduced,  and 
continues  to  undergo  a rapid  reduction  until  it 
reaches  the  normal  at  the  end  of  an  interval  of 
circ.  5'.  These  phenomena  invariably  accom- 
pany the  induction,  maintenance,  and  termina- 
tion of  the  state  of  anaesthesia.  They  form, 
therefore,  the  foundation  on  which  the  relation 
of  CHClg  to  the  respiratory  centre  is  to  be 
based.  But  occasionally  other  phenomena  pre- 
sent themselves  in  the  action  of  the  respiratory 
machine  during  CHCl3-unconsciousness.  And 
it  is  these  occasional  phenomena  that  gave 
rise  to  the  view  that  the  action  of  CHC13  is 
peculiar. 

Thus,  in  the  course  of  anaesthesia,  the  action 
of  the  respiratory  machine  may  become  reduced 
both  in  range  and  frequency.  It  is  the  conse- 
quence of  the  inhibited  action  of  the  respiratory 
centre.  There  are  but  two  causes  known  to 
inhibit  the  function  of  this  centre.  The  one 
is  volition,  and  is  excluded  by  reason  of  its 
temporary  suspension ; the  other  is  associated 
with  the  occurrence  of  abnormality  in  the 
function  of  the  stomach,  interruption  to  the 
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progress  of  digestion  being  followed  by  stimu- 
lation of  the  terminals  of  the  vagus,  leading 
to  reflex  inhibition  of  the  action  of  the  res- 
piratory centre.  If,  in  these  circumstances,  the 
proportion  of  CHC13  is  regulated  according  to 
the  actual  degree  of  the  reduced  action  of  the 
respiratory  machine,  anaesthesia  may  be  main- 
tained during  the  temporary  abnormal  condition 
of  the  respiratory  centre.  And  on  the  removal 
of  the  reflex  stimulus,  coinciding  with  the 
expulsion  of  the  stomachic  contents,  the  action 
of  the  respiratory  centre  immediately  returns  to 
the  normal,  and  is  manifested  by  the  reappear- 
ance of  the  normal  action  of  the  respiratory 
machine.  There  is  nothing  to  indicate  the 
approach  of  stomachic  inhibition  of  the  respir- 
atory centre,  and  the  period  of  its  duration 
varies.  It  is  necessary,  however,  to  raise  the 
proportion  of  CHC13  to  the  normal,  in  order 
to  maintain  anaesthesia,  when  the  action  of  the 
respiratory  machine  becomes  normal  — i.e.,  to 
what  it  would  be  had  no  intercurrent  phe- 
nomenon appeared.  If,  therefore,  the  action  of 
CHC13,  in  the  example  just  given,  be  assumed 
to  be  direct  on  the  respiratory  centre,  the 
hypothesis  is  confronted  with  the  following 
difficulty.  CHCl3-action  is  invariably  accom- 
panied by  increased  frequency  of  respiration 
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when  all  complications  are  absent.  But  when 
a particular  complication  is  present,  the  action 
of  the  respiratory  machine  is  reduced  not  only 
in  frequency  but  also  in  range,  even  though 
CHClg  continues  to  act.  What  is  the  origin  of 
the  complication  ? If  it  be  assumed  that  it  is 
CHCI3,  the  manner  of  its  procedure  in  inducing 
a reduction  in  the  power  of  the  respiratory 
machine  is  yet  to  be  explained.  Now,  there 
is  no  evidence  of  its  physical  action  in  the  air- 
way, for  there  is  no  duskiness.  The  seat  of 
its  influence,  therefore,  cannot  be  placed  in  the 
air-way.  And  if  not  in  the  air-way,  it  follows 
as  a necessary  consequence  that  it  cannot  be 
in  the  lungs.  The  source  of  the  reduced  action 
of  the  respiratory  machine  being  demonstrated 
not  to  be  in  any  one  of  its  components,  it 
follows  that  it  derives  from  some  abnormal 
condition  of  the  respiratory  centre.  Thus 
CHCI3  in  a few  exceptional  instances  causes 
on  assumption  inhibition  of  the  function  of 
the  respiratory  centre  ; but  in  the  generality  of 
cases  it  is  associated  with  its  stimulation. 
These  two  results  on  the  action  of  the  res- 
piratory centre  are  directly  opposed  to  each 
other.  But  the  physiological  effect  of  CHC13 
on  the  respiratory  centre  is,  and  can  only  be, 
one  and  the  same.  The  argument  ascribes  to 
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it  either  an  inhibitory  or  stimulant  influence. 
But  the  difficulty  is  overcome  by  ascribing  the 
origin  of  the  complication  to  its  proper  cause, 
which,  in  this  group,  is  independent  of,  but 
operates  simultaneously  with,  CHC13. 

Arrest  of  respiratory  movements  is  another 
phenomenon  which  may,  and  does  occasionally, 
occur  in  the  course  of  CHCl3-action.  Volun- 
tary arrest  may  take  place  at  any  stage  in  the 
transitionary  period  between  consciousness  and 
unconsciousness.  It  may  be  and  is,  but  very 
infrequently,  the  last  act  of  consciousness.  The 
possibility  of  its  occurrence  is  an  argument 
against  the  rapid  method  of  inducing  uncon- 
sciousness ; because,  when  it  does  occur,  it  is 
essential  that  the  several  components  of  the 
respiratory  machine  shall  be  in  a normal  condi- 
tion— i.e.,  normal  so  far  as  respects  the  action  of 
CHC13.  The  Rapid  Method  tends  to  produce, 
i,  respiratory  overdose;  and,  2,  pulmonic  con- 
gestion. If,  therefore,  voluntary  arrest  occurs 
in  these  abnormal  circumstances,  the  subsequent 
state  of  the  respiratory  machine  is  not  simple 
but  complex,  and  it  becomes  a matter  of  ne- 
cessity, in  order  to  arrive  at  its  true  causation, 
to  analyse  it  into  its  components.  And  when 
voluntary  arrest  chances  to  be  the  last  act  of 
consciousness,  it  is  to  be  remembered  that  the 
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result  on  the  respiratory  centre  continues  for  a 
short  interval  after  the  onset  of  unconsciousness. 

Functional  or  reflex  arrest  of  the  action  of 
the  respiratory  centre  may  occur  and  does  so, 
when  the  circumstances  are  favourable,  in  the 
course  of  unconsciousness.  The  action  of  the 
respiratory  machine  is  suddenly  arrested  at  the 
end  of  a full  inspiration,  which  is  the  invariable 
antecedent  of  the  act  of  vomiting,  or  at  some 
stage  during  its  progress.  The  former  happens 
in  normal  anaesthesia,  in  which  the  act  of 
vomiting  is  uninterrupted.  The  latter  happens 
in  abnormal  anaesthesia — i.e.,  anaesthesia  com- 
plicated either  with  a temporary  respiratory 
overdose  or  mechanical  obstruction,  or  both, 
and  in  narcosis.  In  one,  full  respiration  is  pre- 
vented by  obstruction  in  the  air-way — in  the 
other,  by  (physiological)  pulmonic  congestion. 
In  both,  the  removal  of  the  disturbing  factor 
is  followed  by  completion  of  full  inspiration 
and  the  act  of  vomiting.  These  instances  of 
respiratory  arrest  are  thus  perceived  to  be 
complex  in  their  nature.  They  are  invariably 
accompanied  by  a fall  of  blood-pressure,  which 
is  manifested  in  anaesthesia  in  the  appearance 
of  pallor,  and  in  narcosis  in  that  of  lividity. 
The  act  of  vomiting  is  immediately  followed 
by  the  rapid  return  of  blood -pressure  to  the 
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normal, — a fact  which  proves  that  it  is  of  reflex 
origin. 

Besides  sudden  arrest,  there  are  instances  of 
rapid  arrest  of  the  respiratory  movements.  And 
as  these  are  preceded  by  increased  respiratory 
vigour,  it  might  be  concluded  that  prolonged 
stimulation  of  the  respiratory  centre  is  followed 
by  its  exhaustion.  But  against  this  conclu- 
sion the  following  arguments  may  be  brought. 
Though  there  is  evidence  of  the  stimulation  of 
the  respiratory  centre,  there  is  no  strong  proof 
that  CHC13  is  the  direct  cause  of  it.  Secondly, 
it  is  accepted  that  the  energy  of  the  respiratory 
centre  is  relatively  inexhaustible.  Thirdly,  the 
phenomena,  antecedent  to  arrest,  are  assumed 
to  be  characteristic  of  its  condition  of  ex- 
haustion. But  are  these  phenomena  actually 
associated  with  this  condition  ? This  is  the 
matter  in  dispute.  The  assumption  that  the 
respiratory  centre  is  exhausted  explains  the 
arrest  of  respiratory  movements,  but  it  leads 
to  the  weakest  form  of  reasoning  — viz.,  the 
circular  argument.  Besides,  it  prejudices  the 
causation  of  respiratory  arrest  by  favouring  one 
agent.  Where  the  factors  involved  in  the  pro- 
duction of  a given  phenomenon  are  many,  as, 
1,  the  respiratory  centre ; and,  2,  the  several 
components  of  the  respiratory  machine,  in  the 
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causation  of  respiratory  arrest,  it  is  conceivable 
that  the  cause  may  proceed  from  any  one  of 

them.  Thus  exhaustion  of  the  motor-power  of 
the  respiratory  machine  may  be  a cause  of  res- 
piratory arrest.  Before,  therefore,  we  conclude 
that  exhaustion  of  the  respiratory  centre  is 
the  cause,  it  will  be  necessary  to  exclude  the 
presence  of  exhausted  respiratory  muscles,  or, 
if  the  latter  are  exhausted,  to  prove  that  their 
abnormal  condition  is  not  the  chief  cause  of 
respiratory  arrest.  And  so  with  every  other 
conceivable  cause  or  combination  of  causes. 

Again,  there  is  no  uniformity  among  instances 
of  respiratory  arrest  considered  generally.  They 
show  differences  in  their  mode  of  onset,  and  in 
the  phenomena  accompanying  them.  But  when 
classified  into  groups  uniformity  appears  among 
the  members  of  each  group.  Which  group, 

then,  is  connected  with  the  exhausted  condition 
of  the  respiratory  centre  ? There  is  obviously 
a difficulty  here,  for  it  is  not  known  what  the 
progress  of  the  phenomena  is  in  this  abnormal 
condition.  But  the  difficulty  is  removed  by 
taking  an  instance  from  each  group,  and  ob- 
serving the  attitude  of  the  respiratory  centre 
during  and  after  the  application  of  artificial 
respiration.  Before  the  resumption  of  spon- 
taneous respiration  there  is  an  attempt,  but 
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an  ineffectual  one,  at  respiration.  But  the 
state  of  the  respiratory  machine  is  not  yet 
favourable  to  the  manifestation  of  the  activity 
of  the  respiratory  centre,  for  these  reasons. 
Pulmonic  congestion  is  not  completely  removed, 
and  the  supply  of  oxygenated  blood  to  the 
respiratory  muscles  is  not  as  yet  sufficient  to 
enable  them  to  resume  their  function.  When, 
however,  spontaneous  respiration  reappears,  the 
action  of  the  respiratory  machine  almost  im- 
mediately reaches  the  normal.  From  this  fact 
the  inference  is  certain  that  the  activity  of  the 
respiratory  centre  is  normal.  If,  therefore,  the 
respiratory  centre  has  been  exhausted,  it  re- 
covers its  normal  function  with  a rapidity  that 
is  contrary  to  the  experience  derived  from  the 
recovery  of  other  exhausted  nerve-centres.  For 
that  experience  teaches  us  that  recovery  from 
the  condition  of  exhaustion  is  essentially  gradual. 
In  these  circumstances  the  rational  inference 
is  that  the  respiratory  centre  is  prevented  from 
manifesting  its  activity  through  the  abnormal 
state  of  the  respiratory  machine. 

CHC13,  by  its  negative  action,  is  related  to 
the  respiratory  centre.  A proportion  of  air  is 
displaced,  and  is  followed  by  a corresponding 
diminution  of  the  amount  of  oxygen  absorbed 
into  the  blood.  The  variations  thus  respect- 
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ively  induced  in  the  volumes  of  OXy  and  C02 
are  invariably  associated  with  increased  activity 
of  the  respiratory  centre,  which  is  reflected  in 
increased  frequency  of  the  action  of  the  res- 
piratory machine.  But  when  the  CHCl3-air 
atmosphere  is  discontinued,  its  negative  action 
ceases  as  soon  as  CHC13  disappears  in  the  air- 
way. Let  us  suppose  that  an  interval  of  30" 
is  needed  for  this  purpose.  There  being  then 
no  impediment  in  the  process  of  the  absorption 
of  the  normal  amount  of  oxygen,  the  blood  will 
soon  become  normally  oxygenated,  and,  conse- 
quently, the  respiratory  centre,  released  from 
temporary  stimulation,  will  resume  its  normal 
activity.  A short  interval  will  be  needed  after 
the  cessation  of  the  negative  action  of  CHC13, 
and  before  its  result  entirely  disappears — i.e., 
before  the  blood  becomes  normally  oxygenated. 
An  interval  of  15"  is  allowed  for  this  procedure. 
Thus,  at  the  end  of  45"  after  the  withdrawal 
of  CHC13,  the  frequency  of  respiration  should 
be  normal  if  the  respiratory  centre  is  only 
negatively  affected  by  its  action.  But  the  fact 
is  that  the  respiratory  frequency  is  appreciably 
diminished  on  the  cessation  of  CHC13- action, 
and  the  progress  of  its  diminution  continues 
without  interruption  until  it  reaches  the  normal 
at  the  end  of  5'.  Its  return  to  the  normal  is 
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thus  relatively  gradual,  as  compared  with  the 
rapid  return  in  the  case  of  the  simple  negative 
action  of  CHC13  considered  in  the  abstract. 
If,  therefore,  the  respiratory  centre  is  affected 
only  by  alterations  in  the  proportions  of  the 
OXy  and  CO.,  constituents  of  the  blood  during 
CHClg-anaesthesia,  the  fact  that,  after  the  ces- 
sation of  CHCI3- action,  the  blood  requires  a 
longer  interval  than  can  be  justly  attributed 
to  negative  action  in  which  to  become  normal, 
proves  that  there  is  a factor  present  which 
delays  the  process  of  reoxygenation  after  the 
disappearance  of  the  negative  result. 

The  causation  of  the  increased  respiratory 
frequency  accompanying  CHC13- action  is  thus 
shown  to  be  not  simple  but  complex.  1.  There 
is  the  negative  action  of  CHC13,  resulting  in  the 
reduction  of  the  volume  of  oxygen  in  the  blood ; 
and,  2,  there  is  its  physiological  action,  for  there 
is  no  other  cause  present  than  CHC13,  and  of 
its  three  spheres  of  action,  the  physical  one 
is  excluded  by  the  absence  of  impairment  of 
aeration.  Both  these  actions  lead  to  deoxygen- 
ation of  the  blood,  but  in  different  ways : the 
negative,  by  diminishing  the  amount  of  oxygen 
absorbed ; the  physiological,  by  reducing  in 
some  as  yet  undefined  way  the  volume  of 
oxygen  in  the  blood.  The  negative  action  is 
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not  so  potent  as  the  physiological,  because  its 
result  -on  the  blood  disappears  more  rapidly. 
Of  the  negative  and  positive  CHC13- factors 
which  are  associated  in  the  production  of  in- 
creased respiratory  frequency,  the  latter  now 
appears  as  the  chief  cause  of  it,  and  the  diffi- 
culty which  was  presented  by  the  former  is 
overcome.  The  first  phenomena  to  appear  in 
the  course  of  CHCl3-action  is  increased  res- 
piratory frequency.  There  is  a cause  to  ex- 
plain it  in  the  displacement  of  air  by  the 
vapour  of  CHC13.  Consequently  doubt  exists 
concerning  the  fundamental  phenomenon  of  its 
physiological  action.  But  as  soon  as  it  is 
isolated,  by  analysing  complex  results  into  their 
simple  components,  and  demonstrating  what 
part  is  due  to  the  physiological  and  what 
to  the  negative  action  of  CHC13,  the  course 
of  the  investigation  will  become  clear.  The 
fundamental  phenomenon  of  the  physiological 
action  of  CHC13  is  the  same  as  that  of  its 
negative  action — viz.,  increased  respiratory  fre- 
quency. Increased  respiratory  frequency  is  the 
necessary  consequence  of  stimulation  of  the 
respiratory  centre.  The  physiological  action  of 
CHC13  is  thus  causally  connected  with  stimu- 
lation of  this  centre.  A causal  connection  is 
either  direct  or  indirect.  That  is  to  say,  CHC13 
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is  absorbed  into  the  blood,  and  is  either  carried 
to  the  respiratory  centre,  which  it  directly  af- 
fects, or  the  direct  result  of  its  action  on  the 
blood — deoxygenation — becomes  an  intermediate 
cause  of  respiratory  stimulation.  There  is  no 
very  strong  proof  in  favour  of  the  direct  action 
of  CHCI3  on  the  respiratory  or  any  other  nerve- 
centre.  But  a very  strong  objection  can  be 
produced  against  it.  The  frequency  of  res- 
piration, after  a period  of  comparative  stability, 
tends  to  increase  in  the  course  of  anaesthesia. 
But  to  maintain  the  state  of  anaesthesia,  it  is 
necessary  to  diminish  progressively  the  degree 
of  CHCl3-action.  A diminishing  degree  of 
CHCI3- action  is  associated  with  constancy  in 
respiratory  frequency  at  first,  and  afterwards 
with  inconstancy.  If  CHC13  affects  directly 
the  condition  of  the  respiratory  centre,  incon- 
gruity appears  in  a less  degree  of  CHC13- action, 
causing  an  increase  in  the  degree  of  stimulation 
of  the  respiratory  centre,  unless  it  be  shown 
that  that  centre  has  undergone  a change  of 
condition.  Again,  the  same  degree  of  CHC13- 
action  being  maintained,  the  frequency  of  res- 
piration is  after  a period  increased,  and  tends 
to  become  more  so  as  the  duration  of  uncon- 
sciousness is  prolonged.  Now  the  same  degree 
of  intensity  of  a cause  is  synonymous  with  the 
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same  degree  of  its  effect.  If,  then,  the  con- 
dition of  the  respiratory  centre  remains  undis- 
turbed, except  by  CHC13,  the  same  degree  of 
its  action  will  necessarily  be  followed  by  a 
constant  degree  of  increased  respiratory  fre- 
quency throughout  the  period  of  unconscious- 
ness. And  if  at  any  stage,  whether  early  or 
late,  the  degree  of  action  is  diminished  and 
there  is  nothing  to  prevent  its  necessary  con- 
sequence from  appearing — viz.,  corresponding 
diminution  in  the  degree  of  effect — the  frequency 
of  respiration  will  be  reduced  to  a lower  de- 
gree, and  remain  constant  in  that  degree.  But 
though  small  variations,  either  of  increase  or 
decrease  of  CHCl3-action  are  immediately  fol- 
lowed by  their  respective  variations  of  the 
frequency  of  respiration,  which  might  point 
to  an  assumed  direct  but  delicate  relationship 
between  CHC13  and  the  respiratory  centre,  yet 
the  resulting  respiratory  variations  do  not  con- 
tinue constant,  but  tend  universally  to  increase 
their  degree. 

The  result  of  CHC13- action  on  the  respiratory 
centre  is  determined  by  the  effect  of  CHC13 
on  it,  and  the  actual  condition  of  the  centre. 
When  the  degree  of  CHCl3-action  is  constant, 
but  respiratory  frequency  tends  to  increase, 
it  becomes  necessary  to  refer  the  source  of 


169 


PHYSIOLOGICAL  ACTION  OF  CHd3. 

the  latter  to  some  change  in  the  condition  of 
the  centre,  on  the  supposition  that  CHC13  di- 
rectly affects  it.  The  change  is  manifested  by 
a tendency  to  increased  action  independently 
of  the  influence  of  CHC13.  The  hypothesis  that 
CHC13  directly  stimulates  the  respiratory  centre 
fails,  therefore,  in  its  function,  which  is  the 
explanation  of  all  the  facts  connected  with 
respiratory  variations.  And  it  follows  as  a 
consequence  thereof  that  the  causation  of 
these  changes  is  to  be  found  in  the  indirect 
action  of  CHC13,  which  produces  an  inter- 
mediate cause  which  explains  not  only  the 
initial  increased  frequency  of  respiration  which 
results  on  the  action  of  CHC13,  but  also  its 
tendency  to  increase  still  further  in  the  course 
of  that  action,  when  it  is  maintained  at  a 
constant  degree. 

Supposing  that  CHC13  causes  deoxygenation 
of  the  blood,  for  it  is  not  yet  experimentally 
proved  to  do  so,  the  following  facts  become 
significant : I.  Oxygen  is  abstracted  from  the 
blood  without  interfering  with  the  efficient 
action  of  the  respiratory  machine.  II.  The 
blood  is  capable  of  undergoing  certain  degrees 
of  reduction  in  the  volume  of  its  oxygen  with- 
out any  apparent  change  of  its  colour. 

§ 88.  Relation  of  CHClz  to  the  respiratory 
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machine.  — The  frequency  of  the  respiratory 
movements  is  directly  controlled  by  the  res- 
piratory centre.  But  their  character  is  deter- 
mined by  local  abnormalities  in  one  or  other 
components  of  the  respiratory  machine.  Ab- 
normal movements  may  be  simple  or  complex 
in  their  causation. 

The  air-way  may  be  the  seat  of  mechanical 
obstruction.  Its  source  is  generally  in  back- 
ward displacement  of  the  base  of  the  tongue. 
Particular  causes  of  it  are  floating  polypus  in 
the  pharynx,  and  foreign  bodies,  including 
matter,  in  the  bronchi. 

Some  degree  of  mechanical  obstruction  from 
displacement  of  the  base  of  the  tongue  is  an 
invariable  accompaniment  of  CHC13- action,  and 
is  remotely  related  to  it.  Thus,  CHC13- action 
produces  indirectly  muscle-relaxation,  and  con- 
sequently upon  its  inefficient  support  the 
tongue  gravitates  and,  in  the  progress  of  its 
displacement,  encroaches  upon  the  glottis.  The 
degree  of  displacement  is  therefore  determined 
by  the  actual  condition  of  the  muscles.  In 
normal  conditions  it  is  the  least  possible  at 
the  commencement  of  anaesthesia.  But  as  in 
its  course  the  condition  of  the  muscles  under- 
goes a change,  which  is  inferred  from  the  pro- 
gressive diminution  of  their  tone,  a tendency 
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is  in  existence  to  increasing  the  degree  of  ob- 
struction. This  tendency  will  manifest  itself 
when  circumstances  are  favourable  to  it.  One 
of  these  is  the  prolonged  duration  of  anaesthesia. 
Thus,  at  the  end  of  T.5,  signs  of  obstructed 
breathing  appear.  And  they  disappear  on  the 
removal  of  its  cause — i.e.,  on  the  replacement 
of  the  base  of  the  tongue  in  its  normal  position. 

The  tongue  may  be  abnormally  large;  the 
condition  of  the  muscles  may  be  initially  ab- 
normal. These  are  the  circumstances  that 
determine  the  early  occurrence  of  mechanical 
obstruction  in  the  initial  normal  condition  of 
the  air-way.  But  the  latter  may  be  obstructed 
by  enlargement  of  the  tonsils,  but  not  so  as  to 
be  associated  with  impairment  of  aeration.  The 
occurrence  of  muscle -relaxation  may,  in  this 
initial  abnormal  condition  of  the  air-way,  be 
quickly  followed  by  complete  mechanical  ob- 
struction, respiratory  movements  continuing,  if 
it  takes  place  at  the  end  of  expiration,  but 
ceasing  when  it  coincides  with  the  completion 
of  the  act  of  inspiration. 

However  induced,  and  whenever  it  occurs, 
incomplete  mechanical  obstruction  intensifies 
the  results  of  CHCl3-action.  And  as  its  degree 
may  increase  so  gradually  as  to  produce  no 
sharply-defined  change  in  the  state  of  anaes- 
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thesia — i.e.,  the  increasing  degree  of  each  of 
the  phenomena  proceeds  so  slowly  as  to  be 
practically  imperceptible — it  becomes  a source  of 
perplexity.  For  mechanical  obstruction  leads 
to  pulmonic  congestion  and  deoxygenation  of 
the  blood.  In  the  new  condition  of  the  blood, 
the  proportion  of  CHC13  in  the  CHCl3-air 
atmosphere  becomes,  if  initially  anaesthetic, 
relatively  narcotic ; if  initially  narcotic,  but  not 
of  such  a degree  as  to  be  presently  danger- 
ous in  itself,  its  degree  becomes  relatively  in- 
creased, and  may,  in  the  altered  circumstances, 
be  dangerous.  It  follows,  therefore,  that  the 
normal  patency  of  the  air-way  is  the  chief  safe- 
guard in  the  administration  of  CHC13.  And 
that,  in  instances  of  its  initial  obstruction,  the 
proportion  of  CHC13  is  to  be  determined  by 
the  degree  of  deoxygenation  which  is  present. 

The  air-way  may  also  be  the  seat  of  physical 
obstruction — i.e.,  there  may  be  an  excess  of 
CHCl3-vapour  in  it.  This  is  termed  a res- 
piratory overdose,  in  contradistinction  to  the 
excess  of  CHC13  in  the  blood,  which  is  called  a 
blood-overdose.  A respiratory  overdose  may 
be  absolute  or  relative.  When  there  is  too 
large  a proportion  of  CHC13  in  the  CHCl3-air 
atmosphere — one  of  the  defects  of  the  Rapid 
Method — its  physical  action  is  reflected  in  the 
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prevention  of  normal  respiratory  movements. 
The  weight  of  the  mixed  atmosphere  to  be 
expelled  is  too  great  for  the  power  of  the 
expiratory  muscles.  And  thus  when  the  pro- 
portion of  CHClg  reaches  its  maximum  in 
the  air  - way,  its  opposition  to  respiratory 
movements  is  at  its  greatest.  The  excess  of 
CHCl3-vapour  is  removed,  not  by  absorption 
into  the  blood,  as  might  be  supposed,  but  by 
diffusion  into  the  atmosphere.  And  as  the 
proportion  of  CHC13  becomes  thus  diminished, 
respiratory  movements  increase  their  range, 
and,  because  the  removal  of  the  respiratory 
overdose  is  rapidly  effected,  rapidly  assume 
the  degree  of  frequency  which  corresponds  to 
the  condition  of  the  blood. 

The  Graduated  Method  avoids  the  production 
of  an  absolute  respiratory  overdose.  But  inas- 
much as  variations  may  occur  in  the  action 
of  the  respiratory  machine,  proceeding  from 
causes  acting  simultaneously  with,  but  inde- 
pendently of,  CHC13,  if  the  proportion  of 
CHC13  be  not  adapted  to  the  requirements  of 
the  altered  component  of  the  machine,  a rela- 
tive respiratory  overdose  will  necessarily  ensue. 
Thus  stomachic  inhibition  of  the  respiratory 
centre  and  a relative  respiratory  overdose  may 
concur,  and  their  combined  action  lead  to  rapid 
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arrest  of  the  respiratory  movements.  Again, 
a relative  respiratory  overdose  may  be  present 
when  functional  arrest  of  the  action  of  the 
respiratory  centre  occurs.  As  functional  arrest 
is  confined  to  one  stage  of  the  act  of  respira- 
tion— viz.,  the  termination  of  a full  inspiration 
— and  as  the  presence  of  a relative  respiratory 
overdose  prevents  its  completion,  respiratory 
movements  will  be  suddenly  arrested  at  an 
early  stage  in  the  act  of  inspiration,  and  will 
continue  so  until  the  respiratory  overdose  is 
removed.  It  is  possible  that  this  may  be 
effected  by  diffusion,  the  air-way  being  rendered 
normally  patent,  if  mechanical  obstruction  be 
present.  The  interrupted  act  of  inspiration  will 
then  be  completed,  and  immediately  afterwards 
followed  by  the  expulsion  of  the  contents  of  the 
stomach. 

The  air-way  may  be  obstructed  not  only 
simply  mechanically  or  simply  physically,  but 
also  by  the  combined  actions  of  mechanical 
obstruction  and  a relative  respiratory  overdose. 
And  the  variety  of  combinations  formed  by 
different  degrees  of  these  two  causes  provides 
a datum  for  the  explanation  of  the  various 
degrees  of  rapidity  with  which  respiratory 
arrest  occurs. 

In  the  case  of  abnormal  lungs,  a causal 
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factor  is  present  and  tends  to  impede  the 
normal  aeration  of  the  blood.  Consequently 
they  are  more  than  normally  sensitive  to  varia- 
tions of  the  proportion  of  oxygen  in  the  CHC13- 
air  atmosphere.  If  the  causal  condition  be  of 
sufficient  degree,  it  is  conceivable  that  a small 
proportion  of  CHC13  will  be  followed  by  a large 
degree  of  pulmonic  congestion,  and  that  if  the 
maximum  be  rapidly  reached  the  tendency  to 
respiratory  arrest  will  be  rapidly  manifested. 
The  causation  of  these  forms  of  respiratory 
arrest  is  thus  not  connected  with  the  positive 
but  with  the  negative  action  of  CHC13,  and 
resides  in  the  rapid  reduction  of  the  means 
whereby  the  alveolar  circulation  is  carried  on 
— viz.,  of  oxygen. 

But  a degree  of  induced  pulmonic  congestion 
may  exist  which  is  not  in  itself  incompatible 
with  a safe  degree  of  respiratory  inefficiency. 
It  is  associated  with  abnormally  increased 
activity  of  the  respiratory  machine,  formerly 
regarded  as  the  normal  accompaniment  of 
CHCl3-action.  More  work,  therefore,  is  done 
by  the  muscles  of  respiration  than  is  absolutely 
necessary ; and,  as  the  inevitable  consequence 
of  overwork,  a tendency  to  exhaustion  appears 
in  them,  and  is  manifested  by  the  coming  into 
action  of  the  extraordinary  muscles  of  respira- 
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tion.  While,  however,  the  obstacle  opposing 
their  action  increases,  their  blood-supply  dimin- 
ishes both  in  amount  and  quality — i.e.,  the 
degree  of  deoxygenation  of  the  blood  increases. 
What  actually  determines  respiratory  failure  in 
these  instances  is  the  reduction,  below  a given 
degree,  of  the  oxygen-supply  to  the  muscles. 
For  when  the  amount  of  oxygen  is  increased, 
as  by  artificial  respiration,  their  power  will 
be  gradually  restored,  and  subsequently  mani- 
fested by  the  performance  of  their  functions. 

The  motor-power  is  capable  of  being  adapted 
to  slight  variations  in  the  constitution  of  an 
abnormal  atmosphere  without  thereby  losing 
its  efficiency.  But  when  the  work  to  be  done 
— viz.,  the  expulsion  of  a heavy  atmosphere — 
is  not  proportioned  to  the  actual  power  of  the 
respiratory  muscles,  their  result  will  become 
abnormal.  And  the  abnormality  will  be  mani- 
fested by  the  expansion  of  the  chest. 

The  act  of  inspiration  is  associated  with  the 
tendency  to  the  formation  of  a vacuum  in  the 
middle  and  lower  air-way.  Opposition  to  it 
exists  in  the  pressure  of  the  atmosphere  which 
acts  equally  on  the  surface  of  the  chest -walls. 
The  act  of  expiration  consists  in  the  expulsion 
of  the  contents  of  the  air-way  through  a narrow 
channel,  at  the  external  aperture  of  which  it  is 
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met  by  the  resistance  of  the  atmosphere.  Its 
power  is  therefore  concentrated  upon  a circum- 
scribed area.  If  the  weight  of  the  mixed  at- 
mosphere in  the  air-way  exceeds  a certain  degree, 
the  expiratory  act  will  be  followed  by  the  expul- 
sion of  less  than  the  normal  volume  of  contents. 
The  residual  contents  will  thus  prevent  the  intake 
of  the  normal  volume  of  the  mixed  atmosphere. 
The  constitution  of  the  mixed  atmosphere  in  the 
air-way,  so  far  as  the  proportions  of  the  vapour 
of  CHCI3  and  air  are  concerned,  becomes  dif- 
ferent from  that  of  the  external  CHCl3-air  at- 
mosphere. The  difference  arises  in  the  tendency 
of  the  relatively  heavy  CHC13- vapour  to  gravitate. 
Consequently  the  proportion  of  expired  contents 
tends  to  become  diminished.  If,  now,  the  rela- 
tion between  the  intake  and  the  output  of  the 
mixed  atmosphere,  which  is  respired,  continued 
normal — i.e.,  they  are  equal  to  each  other — the 
condition  of  the  chest,  in  respect  of  its  size, 
would  remain  the  same.  But  the  fact  is  that 
it  becomes  expanded,  and  the  degree  of  ex- 
pansion tends  to  become  increased  under  the 
operation  of  some  causal  condition.  The  con- 
clusion, therefore,  based  upon  the  purely  phys- 
ical causation  of  the  expansion  of  the  chest — 
and  there  appears  to  be  no  other — is  that,  under 
the  abnormal  circumstances,  the  intake  is  larger 
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than  the  output.  The  following  examples  serve 
to  demonstrate  the  validity  of  the  conclusion. 
They  are  characterised  by  an  accidental  increase 
in  the  degree  of  resistance  opposed  to  the  act 
of  expiration.  I.  Anaesthesia  was  induced  in  a 
young  girl  cetat.  14.  About  5'  after  the  com- 
mencement of  the  surgical  operation  (on  the 
foot)  the  chest  was  observed  to  be  expanded, 
and  to  continue  to  expand  while  the  CHCl3-air 
atmosphere,  the  proportion  of  CHC13  in  which 
had  been  reduced  from  3 to  2 drops,  was  being 
administered.  The  degree  of  expansion  sub- 
sequently becoming  so  great  that  respiratory 
movements  were  restricted  to  the  abdomen,  the 
position  of  the  base  of  the  tongue  was  investi- 
gated and  found  to  be  displaced  backwards. 
On  the  restoration  of  the  normal  patency  of 
the  air  - way  the  chest  immediately  collapsed. 
II.  Laryngotomy  had  been  performed  in  a 
fairly  healthy  male  aged  56.  30'  after  the 

induction  of  anaesthesia,  the  proportion  of 
CHC13  having  been  normally  reduced  to  3 
drops,  the  tube  became  displaced  as  the  con- 
sequence of  a change  of  the  patient’s  posi- 
tion, which  was  necessitated  by  the  operation. 
Some  difficulty  was  encountered  in  its  replace- 
ment, and  during  the  endeavour  the  chest 
was  observed  to  be  gradually  expanding. 
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When  at  last  the  laryngotomy  tube  was  re- 
placed in  its  proper  position,  the  chest  im- 
mediately collapsed.  Thus,  in  the  circum- 
stances of  a heavy  atmosphere  and  a mechanic- 
ally obstructed  air -way,  there  is  no  difficulty, 
or  at  least  no  predominating  difficulty,  opposing 
the  act  of  inspiration,  whereas  the  act  of  expira- 
tion is  opposed  by  a resistance  which  it  cannot 
completely  overcome. 

The  causation  of  respiratory  phenomena  may 
be  simple  or  complex.  The  cause  or  causes  may 
be  in  some  abnormal  condition  of  one  or  more 
of  the  components  of  the  respiratory  machine. 
The  cause  may  also  be  in  some  abnormal  con- 
dition of  the  respiratory  centre.  It  is  necessary 
to  determine,  therefore,  not  only  the  relation  be- 
tween CHCl3-action  and  a given  phenomenon, 
but  also  to  explain  the  causation  of  all  the 
phenomena  which  occur  during  it,  but  are  not 
causally  connected  with  it.  Thus  to  every  phe- 
nomenon if  simple,  or  if  complex  to  each  com- 
ponent of  it,  its  own  cause  is  to  be  assigned. 
CHC13  may  be  the  sole  cause  of  the  arrest  of 
respiratory  movements.  It  may  also  act  in 
combination  with  an  independent  cause  in  pro- 
ducing the  same  result.  But  in  neither  instance 
can  it  be  proved  that  it  affects  directly  the  con- 
dition of  the  respiratory  centre.  When  CHC13- 
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action  is  causally  associated  with  respiratory 
arrest,  it  operates  either  directly  in  the  air-way 
as  an  absolute  or  relative  respiratory  overdose, 
or  negatively  in  the  production  of  (physiological) 
pulmonic  congestion,  which  may  be  complicated 
by  the  action  of  a reflex  cause,  or  if  uncompli- 
cated and  continued,  will  tend  to  the  exhaustion 
of  the  respiratory  muscles. 

§ 89.  Relationship  between  CHCl3  and  the  spinal 
centres. — The  following  are  the  data  which  enter 
into  the  solution  of  this  part  of  the  problem. 

Muscle-phenomena  are  not  invariably  present 
in  the  normal  induction  of  anaesthesia.  When 
they  occur  they  do  not  always  appear  at  the 
same  stage,  nor  do  they  present  the  same 
character.  Their  presence  is  invariably  accom- 
panied by  either,  1,  a defect  in  the  method  of 
administration,  or,  2,  the  method  of  adminis- 
tration being  normal,  either  with  (a)  voluntary 
action  or  (b)  an  abnormal  condition,  becoming 
in  the  circumstances  a causal  factor. 

Voluntary  movements  are  not  necessarily 
associated  with  duskiness.  The  administration 
is  therefore  continued,  if  at  the  beginning  of 
voluntary  struggling  no  duskiness  is  present. 
For  that  expression  of  voluntary  opposition  is 
not  a contra-indication  for  the  withdrawal  of 
the  agent,  the  end-object  of  the  action  of  which 
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is  the  suspension  of  the  cause  that  is  opposing 
it.  On  the  other  hand,  if  duskiness  be  present 
with  muscle -phenomena  on  their  first  appear- 
ance, or  if  it  intervenes  in  the  course  of  their 
progress,  it  will  be  an  indication  for  either  the 
withdrawal  of  CHC13  or  the  necessary  modifi- 
cation of  the  method  of  its  administration,  in 
order  to  meet  the  particular  requirements  of 
abnormal  conditions.  For  duskiness — i.e.,  de- 
oxygenation of  the  blood — may  be  associated 
with  a particular  kind  of  muscle-phenomenon. 
And  unless  all  the  circumstances  which  are 
favourable  to  their  production  are  excluded, 
their  origin  will  remain  unknown.  One  of 
those  circumstances  is  a respiratory  overdose. 
If,  therefore,  the  administration  be  continued 
when  a respiratory  overdose  is  present,  the 
degree  of  the  cause  will  be  increased,  and  con- 
sequently there  will  follow  an  increase,  directly 
proportioned  to  it,  of  its  result. 

This  defect  in  the  normal  method — viz.,  the 
production  of  respiratory  overdose  — may  be 
present  at  any  stage  of  the  period  of  induction. 
When  it  occurs  during  the  later  stages — i.e., 
when  the  function  of  the  will  is  in  abeyance — 
the  muscle -phenomena  dependent  upon  it  are 
capable  of  being  studied  in  their  simple  state. 
The  fundamental  character  thus  presented  is 
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rigidity.  And  as  the  degree  of  duskiness  tends 
to  increase,  so  also  does  the  degree  of  rigidity. 
If,  now,  a larger  proportion  of  air  is  given  or 
CHC13  is  removed,  duskiness  tends  to  be  dimin- 
ished, and,  with  the  alteration  in  the  colour  of 
the  complexion,  the  muscles  become  less  rigid, 
all  rigidity  disappearing  on  the  return  of  the 
natural  colour  of  the  complexion.  Thus  duski- 
ness and  muscle-rigidity  stand  in  the  relation 
of  antecedent  and  consequent,  and  the  relation 
is  an  invariable  one.  Deoxygenation  of  the 
blood  is  known  to  be  a cause  of  muscle- 
rigidity.  But  not  in  all  circumstances.  The 
particular  circumstances  in  which  it  is  so 
are,  1,  the  rapid  production  of,  2,  a certain 
degree  of,  deoxygenation.  The  negative  and 
physical  actions  of  CHC13  are  capable  of 
causing,  in  favourable  circumstances,  such  a 
degree  rapidly.  And  it  is  precisely  in  these 
circumstances  that  muscle  - rigidity  appears. 
The  causation  of  one  kind  of  muscle -pheno- 
mena is  thus  connected  not  with  the  physio- 
logical, but  with  the  combined  negative  and 
physical  actions  of  CHC13. 

A causal  condition  may  exist,  and  either  not 
be  isolated,  or  else  its  degree  not  accurately 
determined.  The  details  of  the  normal  method 
being  framed  for  normal  conditions,  if  one  of 
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these  be  abnormal,  but  no  adaptation  is  made 
in  the  particular  detail  affecting  it,  the  result 
upon  it  will  necessarily  be  abnormal.  The 
initial  abnormal  condition — e.g .,  atrophic  em- 
physema— will  be  converted  into  a causal 
factor.  The  normal  method  thus  becomes, 
relatively  to  this  abnormal  condition,  rapid. 
The  reduction  of  the  proportion  of  air  being 
too  rapidly  effected,  the  lungs  become  con- 
gested. When  abnormal  lungs  are  congested, 
they  require,  in  the  presence  of  air,  a relatively 
longer  time  than  initial  normal  ones  for  the 
purpose  of  unloading.  But  a CHCl3-air  atmos- 
phere is  present  in  the  air-way,  impeding  the 
function  of  aeration.  The  interval  is  therefore 
prolonged  by  the  length  of  the  period  which  is 
needed  for  the  diffusion  of  CHC13  vapour  into 
the  external  atmosphere ; and  during  it  the 
blood  becomes  rapidly  deoxygenated.  In  one 
instance  the  normal  method  was  associated 
with  the  early  appearance  of  rigidity  before 
the  maximum  proportion  of  CHC13  was  reached  ; 
the  abnormal  condition  of  the  lungs  not  being 
known,  CHC13  was  removed.  But  its  removal 
was  followed  not  by  the  progressive  diminu- 
tion of  rigidity,  as  would  happen  in  normal 
conditions,  but  by  its  progressive  increase, 
culminating  in  opisthotonos.  The  air -way 
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being  maintained  normally  patent,  all  traces 
of  muscle-rigidity  eventually  disappeared.  The 
necessary  modification  of  the  method  being 
made  in  the  second  administration,  anaesthesia 
was  induced  and  maintained  without  the  ap- 
pearance of  muscle-phenomena. 

Anaesthesia  may  be  induced  without  the 
appearance  of  muscle -phenomena.  There  is, 
therefore,  negative  proof  that  the  condition  of 
the  spinal  centres,  assuming  that  it  is  abnor- 
mal, is  not  one  of  stimulation.  Anaesthesia  may 
be  converted  into  narcosis,  and  yet  without  the 
occurrence  of  any  objective  muscle-phenomena, 
the  only  change  taking  place  in  the  muscles 
being  diminution  of  their  tone.  From  this, 
however,  it  cannot  be  concluded  that  the  spinal 
centres  are  paralysed,  for  there  is  no  direct  con- 
nection between  the  paralysis  of  motor-centres 
simply  and  the  vitality  of  the  muscles,  the 
functions  of  which  they  control.  The  con- 
nection is  indirect.  Muscles  tend  to  atrophy 
because  they  are  not  used.  They  are  not  used 
because  the  centres,  being  destroyed,  cannot 
actuate  them.  But  the  tendency  to  atrophy 
may  be  counteracted  by  artificial  means. 

The  Rapid  Method  is  responsible  for  the 
notion  of  the  (misnamed)  CHC13- convulsion. 
Its  object  is  to  induce  unconsciousness  as 
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quickly  as  possible,  so  as  to  remove  that  cause 
in  particular  which  exercises  an  influence  on 
the  progress  of  CHC13- action  — vi z.,  volition. 
In  the  endeavour  to  overcome  one  difficulty, 
however,  another  and  more  formidable  one  was 
created.  For  the  rapid  concentration  of  CHC13- 
vapour  is  of  necessity  associated  with  the  undue 
influence  of  its  physical  action  in  the  air-way. 
But  this  inherent  defect  of  the  method  is  not 
only  followed  by  its  own  direct  result — viz., 
the  formation  of  a more  or  less  complete  barrier 
between  the  internal  alveoli  and  the  external 
air — but  it  also  leads  to  (secondary)  voluntary 
inhibition  of  respiration,  which  is  greater  or 
less  according  to  the  degree  of  the  effort  that 
is  opposed  to  a suffocating  atmosphere.  Thus, 
the  rapid  absorption  of  CHC13  into  the  blood 
is  prevented ; for  that  implies,  at  least,  the 
normal  state  of  the  alveolar  circulation.  But 
the  combined  results  of  respiratory  overdose 
and  voluntary  inhibition  tend  to  its  obstruc- 
tion. The  blood,  consequently,  is  affected  by 
the  actions  of  two  different  causes.  It  is 
deoxygenated,  and  more  or  less  rapidly  de- 
oxygenated,  by  the  absence  of  a sufficient 
supply  of  air  to  the  alveoli.  And  it  is  directly 
affected  by  the  amount  of  CHC13  that  is  ab- 
sorbed into  it.  The  muscular  phenomena  ap- 
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pearing  in  the  progress  of  the  Rapid  Induction 
of  unconsciousness — for  not  a simple  CHC13, 
but  a complex  result  is  produced — are  therefore 
associated  with  the  presence  of  two  possible 
causes,  either  of  which  or  both  combined  may 
produce  them. 

If  CHC13,  by  its  direct  action  on  the  spinal 
centres,  is  assumed  to  be  the  ultimate  cause 
of  convulsive  movements,  followed,  first,  by 
tonic  spasm  and  afterwards  by  paralysis  of 
the  muscles,  it  follows  that  these  phenomena 
should  appear  in  the  same  order,  in  all  cir- 
cumstances in  which  CHC13  is  acting,  provided 
that  no  one  of  them  interferes  with  their  pro- 
duction. But  they  do  not  appear  in  anaesthesia, 
in  which  all  the  circumstances  are  favourable 
to  the  simple  action  of  CHC13  on  the  spinal 
centres,  and  there  are  none  to  complicate  it. 
If,  against  this,  it  is  argued  that  the  degree 
of  CHCl3-action  is  not  sufficient,  and  that  in 
CHCI3- narcosis  there  is  evidence  of  the  para- 
lysed condition  of  the  centres  in  the  assumed 
paralysis  of  the  muscles,  the  answer  is  that 
the  muscles  are  paralysed  without  the  ante- 
cedent manifestation  of  convulsive  movements 
and  tonic  spasm,  and  therefore  that  the  ante- 
cedent condition  to  their  exhaustion  — viz., 
stimulation  — is  absent.  If,  therefore,  the 
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actual  condition  of  the  spinal  centres  is  one 
of  paralysis,  and  CHC13  is  the  cause  of  it,  its 
mode  of  operation  is  not  invariably  the  same, 
for  in  some  instances  stimulation  precedes  par- 
alysis, in  others  paralysis  occurs  without  ante- 
cedent stimulation.  This  argument  irresistibly 
refutes  the  conclusion  that  CHC13- action  is 
directly  related  to  the  spinal  centres.  And  it 
is  accompanied  by  another  not  less  convincing. 
In  spastic  rigidity  of  the  lower  extremities  the 
condition  of  the  spinal  centres  is  abnormal,  and 
such  as  to  be  more  than  normally  sensitive  to 
the  influence  of  a direct  stimulus.  If,  then, 
CHC13  be  administered,  there  should  be  an 
increase  of  the  degree  of  the  muscle  - abnor- 
mality, followed  by  paralysis,  if  it  exerts  a 
stimulant  effect  upon  the  spinal  centres.  But 
the  fact  is  that  while  the  muscles  of  the  upper 
extremities  become  relaxed,  those  of  the  lower 
remain  unaffected. 

One  group  of  muscle  - phenomena  is  invari- 
ably preceded  by  deoxygenation  of  the  blood. 
Changes  in  the  degree  of  one  of  these  factors 
are  associated  with,  and  directly  proportioned 
to,  changes  in  the  degree  of  the  other.  A causal 
relation  thus  exists  between  them,  and  the 
occurrence  of  rigidity  in  the  progress  of  the  in- 
duction of  unconsciousness  will  consequently  be 
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an  indication  of  fault  in  the  method.  For  the 
Normal  Method  does  not  conduce  to  struggling, 
which  complicates  the  simple  action  of  de- 
oxygenated  blood  on  the  muscles.  The  fault 
consists  in  the  abnormal  increase  of  the  pro- 
portion of  CHC13  at  a particular  stage  of  the 
induction,  and  its  consequence  is  the  production 
of  a respiratory  overdose.  The  removal  of  its 
proximate  cause,  effected  by  diffusion  into  the 
external  air,  will  be  followed  by  the  return  of 
the  normal  colour  of  the  blood,  and  the  dis- 
appearance of  muscle -rigidity.  CHC13 -action, 
therefore,  has  no  positive  relation  to  muscle- 
rigidity,  which  is  not  necessarily,  but  only  in 
certain  circumstances,  a concomitant  of  its 
physical  action.  A fundamental  error  is  com- 
mitted in  not  including  all  the  factors  that 
invariably  accompany  any  given  phenomenon, 
the  causation  of  which  is  the  object  of  investi- 
gation. CHCI3  has  three  spheres  of  action — 
negative,  through  its  displacement  of  air,  phys- 
ical in  the  air -way,  and  physiological.  It  is 
essential,  therefore,  to  exclude  both  its  negative 
and  physiological  actions  before  we  can  con- 
clude that  a given  phenomenon  is  derived  from 
its  physiological  action,  or  in  the  case  of  a 
complex  CHClg-result,  to  prove  that  either  of 
the  former  is  unequal  to  produce  the  whole  of  it. 
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§ go.  The  relation  of  CHCl3  to  reflex-action. — 
Three  kinds  of  reflex-action  may  occur  during 
the  administration  of  CHC13 — ideo-motor,  sens- 
ori-motor,  and  vaso-motor.  It  will  be  necessary 
to  examine  these  severally  in  all  their  details. 

I.  Ideo-motor.  The  emotional  state  may  be 
present  at  the  commencement  of  induction, 
and  become  increased  in  intensity  during  its 
early  stages.  Its  origin  is  in  primary  stimu- 
lation of  the  cardio-inhibitory  centre,  and  it  is 
accompanied  by  indirect  fall  of  blood-pressure 
and  secondary  acceleration  of  respiratory  fre- 
quency as  its  intimately  related  phenomena. 
The  remotely  related  phenomena  are  dilatation 
of  the  pupil,  muscle-relaxation,  and  perspiration. 

The  tendency  of  CHC13- action  is  to  suspend, 
along  with  the  other  functions  of  mind,  that 
of  the  emotional  centre,  in  which  arises  the 
stimulus  which  is  reflected  to  the  cardio-inhibi- 
tory centre.  Consequently  the  degree  of  the 
emotional  state  tends  to  become  diminished, 
and  on  the  suspension  of  its  ultimate  cause  it 
will  disappear.  But  its  complete  disappearance 
does  not  coincide  with  the  onset  of  anaesthesia. 
A short  interval  will  elapse  before  the  pulse 
resumes  its  natural  frequency  and  the  pupil 
becomes  normally  contracted.  The  fact  that 
the  lower  centre  remains  in  a condition  of  dis- 
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turbance  after  the  higher  one  which  actuates 
it  ceases  to  operate,  is  to  be  considered  with 
reference  to  the  pulse -record  at  the  onset  of 
anaesthesia,  and  the  necessary  interval  allowed 
to  elapse  in  order  to  arrive  at  a pure  CHC13- 
result. 

The  pulse,  therefore,  will  in  this  kind  of 
initial  cardiac  abnormality  undergo  a diminu- 
tion of  frequency  — i.e.,  it  becomes  stronger. 
And  the  cause  of  the  change  might  be  ascribed, 
but  erroneously,  to  the  influence  of  CHC13. 

The  degree  of  the  emotional  state  varies  in 
intensity.  And  its  degree  may  be  such  as  to 
be  associated  with  an  impairment  of  the  action 
of  the  respiratory  machine  that  is  antagonistic 
to  the  physical  action  of  CHC13.  Seeing  that 
the  respiratory  machine  is  the  medium  by 
which  CHClg  is  introduced  into  the  blood,  it 
will  be  absolutely  imperative,  in  these  in- 
stances, to  defer  the  administration  until  its 
action  becomes  favourable.  In  fact,  intense 
emotion  in  itself  is,  in  some  circumstances, 
dangerous  to  life.  On  two  occasions  death 
occurred  while  preparation  was  being  made 
for  the  administration  of  CHC13. 

II.  Sensori-motor.  In  anaesthesia  the  same 
degree  of  stimulation  of  the  sensory  nerve  is  as- 
sociated at  different  times  with  different  degrees 
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of  muscle-contraction.  In  the  early  stages  of  it 
muscle-contraction  is  apparently  normal.  But 
in  the  later  stages  the  degree  of  contraction 
becomes  diminished,  the  tendency  to  diminu- 
tion increasing  with  increase  in  the  duration  of 
anaesthesia.  The  same  tendency  appears  in 
narcosis.  But  as  compared  with  anaesthesia, 
there  is  this  initial  and  characteristic  difference 
— viz.,  the  same  degree  of  nerve-stimulation  in 
narcosis,  in  its  early  stages,  is  accompanied  by 
a less  degree  of  muscle-contraction  than  that 
which  obtains  in  the  corresponding  stage  in 
anaesthesia.  In  different  degrees  of  narcosis, 
the  degree  of  muscle -contraction  differs  when 
the  experiments  are  conducted  under  the  like 
circumstances — viz.,  the  degree  of  nerve-stimu- 
lation is  the  same,  and  comparison  is  limited  to 
the  results  obtained  in  corresponding  stages  in 
the  course  of  different  degrees  of  narcosis.  Thus 
a conclusion  with  respect  to  muscle-contraction 
will  be  true  for  one  set  of  circumstances  only. 

In  the  higher  degrees  of  narcosis  there  is 
no  muscle-response  to  nerve-stimulation,  though 
it  be  intense.  But  in  moderate  degrees  an 
increase  in  the  intensity  of  the  stimulus  is 
followed  by  a proportionate  increase  of  muscle- 
contraction.  It  might  be  concluded,  therefore, 
supposing  that  no  series  of  consecutive  observa- 
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tions  were  made,  that  the  spinal  centres  are 
the  seat  of  lesion  in  the  sensori-motor  circuit. 
For  the  assumed  degree  of  their  depression  is 
proportionate  to  the  degree  of  CHC13- action. 
And  this  is  one  of  the  characters  of  a causal 
connection. 

The  factors  concerned  in  sensori-motor  reflex- 
action  are — i,  the  degree  of  the  stimulus  con- 
veyed by  the  sensory  nerve ; 2,  its  reflection  by 
the  centre  into  the  motor  nerve ; and,  3,  muscle- 
contraction.  Normal  reflex-action  presupposes 
the  normal  condition  of  each  of  these  factors. 
If,  therefore,  the  application  of  a stimulus  is 
followed  by  no  result,  or  by  a degree  of 
muscle -contraction  less  than  that  which  nor- 
mally accompanies  it,  the  lesion  will  be  either 
in  the  sensory  or  motor  nerve,  or  in  the  centre, 
or  in  the  muscle.  For  it  is  conceivable  that  the 
condition  of  the  muscle  may  be  unfavourable  to 
the  effect  of  a stimulus  reflexly  conveyed  to  it. 

From  the  fact  that  a stimulus  applied  to  a 
motor  nerve  is  followed  in  narcosis  by  muscle- 
contraction,  the  inference  may  be  drawn  that 
the  lesion  is  not  in  it,  and  by  implication  not 
in  the  sensory  nerve. 

An  abnormal  condition  of  the  centre  leads  to 
delay  in  the  transmission  of  the  stimulus,  and  to 
a modification  of  its  intensity.  These  results 
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appear  in  narcosis.  The  muscles  are  not  so 
sensitive  to  reflex-stimulation — i.e.,  the  interval 
between  the  application  of  the  stimulus  and 
contraction  is  prolonged  beyond  the  normal — 
and  the  progress  of  their  contraction,  instead 
of  being  rapid,  as  it  is  normally,  is  sluggish. 
Now  the  actual  condition  of  the  centre  can 
only  be  determined  by  an  inferential  argument. 
The  centre  is,  on  supposition,  in  a condition  of 
depression  or  paralysis,  the  cause  of  which  is 
the  direct  action  of  CHC13  on  it.  But  in 
instances  of  the  higher  degrees  of  narcosis, 
reflex  - action  is  restored  to  the  normal  in  a 
comparatively  short  time — the  comparison  being 
made  with  the  prolonged  period  that  elapses 
before  the  centre  recovers  its  function  after  being 
paralysed  by  an  agent  which  is  known  to  have 
a direct  influence  upon  it.  The  circumstances, 
then,  affecting  recovery  in  these  examples  are 
not  alike,  as  they  would  be  if  the  abnormal 
condition  of  the  centre  were  the  same  in  both. 
The  inference,  therefore,  in  the  case  of  CHC13, 
is  that  the  spinal  centres  are  not  the  seat  of 
the  lesion.  But  in  all  experiments  relating  to 
sensori- motor  reflex-action  in  the  state  of  nar- 
cosis, the  muscles  are  in  an  initial  condition  of 
abnormality.  Now  the  conduct  of  the  muscles 
is  taken  as  evidence  of  an  assumed  condition 
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of  the  spinal  centres.  But  the  influence  of  the 
abnormal  muscle  is  not  excluded.  That  influ- 
ence, however,  is  of  such  a nature  as  to  affect 
its  powers  of  contracting.  For  it  proceeds 
from  impairment  of  nutrition.  And  impairment 
of  nutrition  is  synonymous  with  impairment  of 
function.  The  different  degrees  of  CHC13- action 
which  are  associated  with  different  degrees  of 
an  assumed  depressed  condition  of  the  spinal 
centres  are  also  associated  with  different  de- 
grees of  impairment  of  muscle -nutrition,  and 
are  directly  proportioned  to  each  other.  In 
the  case  of  the  spinal  centres  this  causal  con- 
nection involves  the  assumption  of  the  cause — 
viz.,  paralysis  of  the  centres.  Whereas  in  the 
case  of  the  muscles,  a cause  which  affects 
muscle-tone  is  demonstrated  to  be  in  existence. 
If,  then,  it  can  be  proved  that  this  cause — viz., 
deoxygenation  of  the  blood  — is  sufficient  to 
explain  the  results  that  are  implicated,  the 
lesion  existing  in  the  sensori-motor  circuit,  in 
narcosis,  will  be  located  in  the  muscles. 

III.  Vaso-motor.  The  occurrence  of  falls  of 
blood-pressure  is  only  occasional  during  CH en- 
action. That  it  originates,  in  the  majority  of  in- 
stances, in  stimulation  of  the  vaso-motor  centre, 
is  proved  by  the  course  of  the  phenomena, 
which  appear  subsequently  to  it,  agreeing  in 
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all  respects  with  the  return  of  the  blood  from 
the  portal  to  the  main  circulation  in  vaso-motor 
fault.  Thus,  in  an  uncomplicated  example, 
primary  fall  of  blood-pressure  is  followed  by  a 
rapid  decline  of  the  action  of  the  respiratory 
machine  to  its  minimum  and  complete  dilata- 
tion of  the  pupil.  The  air-way  being  normally 
patent,  the  return  of  the  action  of  the  respira- 
tory machine  to  the  normal  is  effected  slowly, 
and  is  characterised  at  its  commencement  by 
the  rapid  contraction  of  the  pupil,  and  during 
its  course  by  the  reappearance  of  the  pulse. 
Stimulation  of  the  vaso  - motor  centre,  when 
it  occurs  during  CHC13- action,  is  invariably 
associated  with  disturbance  in  some  part  of 
the  sympathetic  system  produced  in  the  pro- 
gress of  the  surgical  operation.  Its  reflex 
origin  is  thus  defined. 

The  return  of  the  blood  from  the  portal  to 
the  main  circulation  is  delayed  or  interrupted 
respectively  by  the  impairment  or  arrest  of  the 
function  of  aeration,  which  may  be  effected  in 
different  ways.  These  are — 1,  the  backward 
displacement  of  the  base  of  the  tongue;  2,  the 
presence  of  an  excess  of  CHCl3-vapour  in  the 
air-way,  temporary  respiratory  overdose ; and  3, 
(physiological)  pulmonic  congestion.  One  of 
the  concomitants  of  reflex  stimulation  of  the 
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vaso-motor  centre  is  collapse  of  the  muscles. 
And  one  of  its  results  is  mechanical  obstruction 
in  the  air-way.  In  vaso-motor  complication, 
therefore,  the  chief  concern  is  the  normal 
patency  of  the  air-way,  which  of  necessity  has 
to  be  effected  artificially.  If  this  be  not  done, 
or  done  inefficiently,  the  blood  from  the  right 
side  of  the  heart,  instead  of  taking  its  normal 
course  through  the  alveolar  circulation,  will  be 
deflected  into  the  main  veins,  and  consequently 
lead  to  distension  of  the  superficial  ones. 

But  it  may  happen  that  in  vaso-motor  com- 
plication occurring  during  normal  anaesthesia, 
the  immediate  removal  of  mechanical  obstruc- 
tion is  not  immediately  followed  by  the  re- 
covery of  abdominal  movements.  But  they  do 
so  after  an  appreciable  interval,  or  the  artificial 
expulsion  of  the  respiratory  contents.  Some 
obstacle,  therefore,  opposes  the  commencement 
of  the  natural  process  of  recovery.  And  as 
there  is  but  one  means  by  which  this  can  be 
produced — viz.,  obstructed  alveolar  circulation — 
which,  again,  can  only  be  caused  generally  by 
the  absence  of  a sufficient  supply  of  air  to  the 
alveoli,  it  follows  that  the  obstacle  removed 
operates  by  preventing  or  retarding  this  supply. 
But  there  are,  at  the  time,  only  two  factors 
present  in  the  air -way,  and  by  consequence 
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there  is  not  sufficient  air.  The  presence  of 
an  excess  of  CHCl3-vapour  in  the  air-way 
thus  explains  the  circumstance  of  delay  in  the 
process  of  recovery. 

Pulmonic  congestion  is  not  one  of  the  com- 
ponents of  the  state  of  anaesthesia,  but  it  is 
an  important  component  of  the  state  of  narcosis. 
And  its  degree  varies  directly  with  the  degree 
of  narcosis.  Reflex  - stimulation  of  the  vaso- 
motor centre  may  occur  during  narcosis.  In 
that  contingency,  primary  fall  of  blood-pressure 
concurs  with  pulmonic  congestion.  But  pul- 
monic congestion  opposes  the  return  of  the 
blood  to  the  main  circulation. 

The  degree  of  pulmonic  congestion  may  not 
be  sufficient  to  affect  the  action  of  the  respira- 
tory machine  in  more  than  a moderate,  and 
therefore  not  immediately  dangerous,  degree. 
But  if  it  should  happen  that  blood-pressure 
falls  during  this  abnormal  condition,  respiratory 
action  will  be  arrested  simultaneously  with  or 
rapidly  after  it,  and  it  will  show  no  sign  of 
spontaneous  recovery. 

The  respiratory  muscles  are  suddenly  deprived 
of  their  blood-supply.  They  are  thus  in  a most 
unfavourable  position  in  regard  to  the  perform- 
ance of  their  function.  But  suppose  that  they 
do  begin  to  recover,  and  their  progress  will  be 
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necessarily  slow,  they  are  confronted  by  a rela- 
tively insuperable  obstacle  in  the  form  of  pul- 
monic congestion.  The  circumstances,  then, 
determining  their  failure  are,  i,  initial  depriva- 
tion of  their  blood-supply ; and,  2,  the  presence 
of  pulmonic  congestion  tending  to  continue  it. 

Pulmonic  congestion  is  removed  by  artificial 
respiration.  The  interval  necessary  for  its  re- 
moval varies  according  to  its  degree  : the  less 
the  degree,  the  shorter  the  interval,  and  the 
greater  the  degree,  the  longer  the  interval 
before  the  resumption  of  spontaneous  respir- 
ation. There  is  a difference  in  the  length  of 
the  interval  which  elapses  before  the  recovery 
of  spontaneous  respiration  with  artificial  means 
in  instances  of  respiratory  arrest  occurring  dur- 
ing CHClg-narcosis.  The  difference  is  explained 
by  the  difference  in  the  degree  of  narcosis.  For 
the  degree  of  pulmonic  congestion  determines 
the  length  of  the  interval,  and  is  directly  pro- 
portioned to  the  degree  of  narcosis. 

Thus,  one  of  the  objects  of  inductive  investi- 
gation is  attained  by  isolating  the  independent 
causes  which  may  accompany  CHC13- action. 
For  that  study  is  concerned  not  only  with  the 
action  of  the  agent  which  is  to  be  elucidated, 
but  also  with  the  explanation  of  all  the  phe- 
nomena which  are  associated  with  it, — their 
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causation,  and  all  the  circumstances  affecting 
them.  Thus  CHC13  may  exercise  no  influence 
on  vaso-motor  disturbance  occurring  during  its 
action.  Such  is  the  case  when  its  action  is 
limited  to  the  degree  of  anaesthesia.  On  the 
other  hand,  it  may  complicate  one  of  the 
results  of  such  disturbance,  as,  for  example,  the 
reduced  action  of  the  heart.  And  it  may  do 
so  in  one  of  two  ways  : either  by  its  physical 
action  in  the  air-way — temporary  respiratory 
overdose,  or  by  causing  negatively  pulmonic 
congestion — the  narcotic  degree  of  its  action. 
But  it  will  be  perceived  that  in  neither  of  these 
ways  is  its  physiological  action  primarily  im- 
plicated. 

§ 91.  The  relationship  between  CHCl^-action  and 
the  heart. — Far  too  much  importance  has  been 
given  to  this  part  of  the  problem.  CHC13  has 
not  been  proved  to  act  directly  on  the  heart 
by  demonstrative  reasons.  But  the  assumption 
that  it  does  so  has  this  adverse  consequence  ; 
it  tends  to  obscure  the  proper  lines  which  the 
investigation  of  its  physiological  action  should 
take. 

The  chief  sources  which  gave  rise  to  that 
ill-founded  hypothesis  are  — 1,  the  want  of 
accurate  and  complete  analysis,  not  only  of  all 
the  phenomena,  but  also  of  all  the  circum- 
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stances  under  which  they  occur,  which  attend 
the  disappearance  of  the  pulse ; and  2,  the 
singular  conclusion  that  CHC13  is  the  only 
agent  or  cause  present,  and  acting,  on  all 
occasions  of  fall  of  blood-pressure. 

In  primary  cardiac  syncope,  the  function  of 
the  heart  ceases,  and  its  cessation  is  permanent. 
The  mode  of  onset  of  its  failure  is  invariably 
sudden.  In  reflex  stimulation  of  the  vaso-motor 
centre,  the  action  of  the  heart  is  reduced  to  a 
minimum,  and  its  subsequent  attitude  will  be 
determined  by  its  surroundings.  If  these  be 
favourable,  it  will  gradually  but  progressively 
return  to  the  normal  performance  of  its  duties. 
But  if  an  abnormal  condition  of  the  alveolar 
circulation  be  present  at  the  onset  of  compli- 
cation, or  immediately  follows  it,  the  heart 
will  be  prevented  from  recovering  its  functional 
activity.  There  is  a possibility,  therefore,  aris- 
ing from  the  degree  of  intensity  of  the  opposing 
cause,  and  from  the  incidence  in  point  of  time 
at  which  it  begins  to  act  during  cardiac  de- 
pression, of  the  heart  manifesting  no  signs  of 
recovery,  or  of  failing  after  having  manifested 
some  signs  of  vigorous  but  ineffectual  power. 
If,  however,  the  cause  opposing  the  natural 
recovery  of  the  action  of  the  heart  be  removed, 
— and  it  will  be  obvious  that  no  delay  should 
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take  place  in  the  application  of  the  means 
which  effect  its  removal, — the  heart  will  gradu- 
ally regain  its  function,  and  the  fact  that  it 
reaches  the  natural  condition  of  its  activity 
within  a very  short  space  of  time  proves  that 
its  muscle  has  not  been  primarily  affected. 

Now,  the  phenomena  which  follow  upon  fall 
of  blood -pressure,  occurring  in  the  course  of 
CHCI3- action,  are  not  exactly  the  same  in 
every  respect  in  all  instances  of  it.  If  they  were 
so,  and  were  also  accompanied  by  non-recovery 
of  the  heart,  though  artificial  means  of  restor- 
ing respiration  be  efficiently  applied  immediately 
after  the  disappearance  of  the  pulse,  there 
would  be  some  ground  for  inferring  that  CHC13 
acts  directly  on  the  heart.  But  the  inquiry 
is  rendered  more  intricate  by  the  following 
facts:  1,  CHCI3  possesses  two  different  kinds 
of  action — the  anaesthetic  and  the  narcotic; 
the  difference  consisting  in  the  introduction 
of  its  negative  action  into  the  latter,  in  which 
there  is  also  a higher  degree  of  its  physiological 
action  than  in  the  former;  2,  The  anaesthetic 
action  of  CHC13  is  not  causally  connected  with 
fall  of  blood-pressure ; 3,  the  narcotic  action 
of  CHCI3  varies  in  degree  according  to  the 
quantity  of  the  overdose,  and  the  higher  de- 
grees of  it  are  causally  associated  in  certain 
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circumstances  with  secondary  cardiac  syncope. 
It  will  be  imperative,  therefore,  to  exclude  the 
negative  before  that  result  can  be  ascribed  to 
the  physiological  action  of  CHC13. 

Thus,  the  pulse  may  disappear  at  no  definite 
stage  in  the  course  of  anaesthesia,  the  antecedent 
condition  of  the  circulation  having  been  normal. 
It  may  also  disappear  in  the  course  of  narcosis, 
but  on  this  occasion  the  antecedent  condition 
of  the  circulation  will  have  been  abnormal. 
But  the  mode  of  its  disappearance  is  different, 
being  invariably  sudden  in  the  former  and 
invariably  rapid  in  the  latter.  Now,  the  mode 
of  onset  is  the  differentiating  factor  between 
different  kinds  of  pulse-disappearance. 

It  will  be  necessary,  therefore,  to  classify  in- 
stances of  pulse-disappearance  into  two  main 
groups — i,  those  which  occur  rapidly,  and  2, 
those  which  occur  suddenly. 

The  members  of  the  first  group  present  uni- 
formity in  all  fundamental  respects — the  phen- 
omena antecedent  to,  accompanying,  and  follow- 
ing upon  the  rapid  disappearance  of  the  pulse 
being  exactly  alike.  The  following  is  a typical 
example  of  it : the  tension  of  the  pulse  is  in- 
creased, the  blood  is  deoxygenated,  and  the 
pupil  dilated  antecedently  to  its  disappearance; 
and  as  these  phenomena  undergo  an  increase 
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in  the  degree  of  their  intensity,  a direct  pro- 
portion is  seen  to  exist  between  their  corres- 
ponding variations.  The  activity  of  the  res- 
piratory machine  is  increased,  but  its  course  is 
not  regular,  for  at  a stage  before  the  onset  of 
pulse-failure  the  intercostals  manifest  signs  of 
declining  action,  while  the  extraordinary  muscles 
of  respiration  come  into  operation,  and  venous 
distension  appears  and  increases  in  intensity. 
The  conditions  accompanying  the  rapid  dis- 
appearance of  the  pulse  are — i,  widely  dilated 
and  sluggish  pupil ; 2,  an  intense  degree  of 
discoloration  of  the  blood ; 3,  partial  disable- 
ment of  the  respiratory  machine ; and  4,  venous 
distension.  The  phenomena  appearing  subse- 
quent to  the  rapid  failure  of  the  pulse  are — 1, 
rapid  arrest  of  the  embarrassed  action  of  the 
respiratory  machine,  and  2,  an  increase  in  the 
degree  of  venous  distension. 

A difference  is  found  to  exist  on  comparing 
the  lengths  of  the  period  at  the  end  of  which 
pulse -disappearance  takes  place:  it  is  short  in 
some,  longer  in  others.  But  it  is  not  funda- 
mental, inasmuch  as  it  is  determined  by  the 
actual  degree  of  intensity  of  the  agent : thus, 
a high  degree  of  the  narcotic  action  of  CHC1S 
is  associated  with  a comparatively  short  period, 
while  a moderate  degree  of  that  action  requires 
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a longer  one  to  produce  pulse-failure.  Another 
difference  consists  in  the  circumstance  that  pulse- 
failure  is  not  coincident  with  the  commencement 
of  narcotic  action,  but  appears  after  a longer 
or  shorter  interval,  when  the  same  degree  of 
narcotic  action  is  continued.  But  it  also  is 
not  fundamental  for  this  reason : the  degree 
of  narcosis  induced  by  the  continuous  action 
of  the  same  degree  of  narcotic  action  does 
not  remain  the  same,  but  it  increases  progress- 
ively in  degree  of  intensity.  When,  therefore, 
pulse-failure  occurs,  the  conditions  are  different 
from  those  which  obtain  at  stages  antecedent 
to  it.  The  difference  is  one  of  degree  only ; 
but  the  influence  of  the  changed  conditions 
determines  the  degree  of  result  when  the  action 
of  the  agent  is  maintained  constant.  The  dif- 
ferences, therefore,  which  are  observed  and 
which  might  be  adduced  as  evidence  of  the 
irregular  action  of  CHC13,  will  be  perceived  to 
be  due  to  the  different  circumstances  that  may 
affect  its  action. 

But  in  the  second  group — viz.,  that  which 
is  characterised  by  the  sudden  disappearance 
of  the  pulse  during  anaesthesia — there  is  no 
such  uniformity  amongst  all  the  members  of 
it,  as  there  is  in  the  first.  It  will  be  neces- 
sary, therefore,  to  divide  it  into  sub-groups, 
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each  of  which  will  contain  all  those  examples 
which  possess  identical  characters.  The  result 
of  such  classification  leads  to  the  formation  of 
the  following  sub-groups  in  which  there  are 
no  antecedent  abnormal  phenomena:  I.  The 
sudden  disappearance  of  the  pulse  is  accom- 
panied by  immediate  and  wide  dilatation  of  the 
pupil ; the  veins  are  empty  ; the  action  of  the 
respiratory  machine  is  not  at  first  perceptibly 
affected.  Subsequently,  the  action  of  the  res- 
piratory machine  gradually  declines ; no  change 
appears  in  the  veins  which  remain  empty ; the 
pupil  remains  dilated,  and  there  is  no  evidence 
of  functional  activity  of  the  heart.  II.  The 
sudden  disappearance  of  the  pulse  is  accom- 
panied by  immediate  and  wide  dilatation  of 
the  pupil ; the  condition  of  the  veins  is  normal ; 
the  action  of  the  respiratory  machine  is  immedi- 
ately affected,  and  subsequently  it  rapidly  de- 
clines to  a minimum.  If  the  air-way  is  nor- 
mally patent,  the  pupil  is  rapidly  contracted 
to  the  normal,  and  the  functional  activity  of 
the  heart  is  manifested  by  the  returning  colour 
of  the  complexion. 

The  differentiating  factor  between  these  sub- 
groups is  found  in  the  attitude  of  the  respiratory 
machine.  In  normal  examples — vi z.,  the  oc- 
currence of  complication  during  anaesthesia — it 
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is  unaffected,  and,  consequently,  the  action  of 
the  respiratory  machine  pursues  the  course  that 
is  determined  for  it  by  the  influence  of  the 
complicatory  agent  alone.  But  the  action  of 
the  respiratory  machine  may  be  abnormal  when 
there  is  a sudden  fall  of  blood  - pressure ; or 
when  the  fall  is  rapid,  as  in  simple  CHC13- 
narcosis,  a complicatory  factor  may  intervene 
and  affect  the  abnormal  action  of  the  respiratory 
machine.  It  will  be  obvious,  therefore,  that 
in  these  contingencies  the  result  upon  the 
pulse  will  be  complex — i.e .,  it  will  be  affected 
by  two  complicatory  agents. 

In  CHClg- narcosis,  in  which  the  action  of 
the  respiratory  machine  is  invariably  abnormal, 
the  intervening  complicatory  agent  may  take 
the  form  either  of  a temporary  respiratory  over- 
dose, or  of  mechanical  obstruction,  the  conse- 
quence of  backward  displacement  of  the  base 
of  the  tongue.  Both  these  factors  tend  to  arrest 
the  action  of  the  respiratory  machine ; and  the 
different  circumstances  that  influence  their  oper- 
ation— such  as,  1,  the  degree  of  their  intensity; 
2,  the  length  of  time  over  which  they  act ; 
and  3,  the  more  or  less  rapid  or  gradual  rate 
of  increase  of  their  intensity — serve  to  explain 
the  differences  which  appear  in  the  failure  of 
the  pulse  from  this  complex  causation. 
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In  the  case  of  sudden  disappearance  of  the 
pulse  during  an  abnormal  condition  of  the  res- 
piratory machine,  the  abnormality  may  be,  1, 
mechanical  obstruction  in  the  air-way;  2,  a 
respiratory  overdose ; or,  3,  a moderate  degree 
of  pulmonic  congestion,  the  consequence  of  the 
narcotic  action  of  CHC13.  And  it  will  be  per- 
ceived that  all  these  factors  exercise  an  influence 
on  the  rapidity  with  which  the  pulse  reappears 
through  impairment  of  the  function  of  aeration. 
Thus,  the  degree  of  intensity  of  a respiratory 
overdose,  if  moderate,  will  require  a short  in- 
terval, 2"  or  3",  in  which  to  become  dissipated, 
and  will  consequently  postpone  the  reappear- 
ance of  the  pulse.  On  the  other  hand,  pul- 
monic congestion  requires  a comparatively 
longer  period  for  its  reduction.  The  rate  of 
oxygenation  of  the  blood  is  consequently  slower, 
and  a longer  interval  elapses  before  the  pulse 
reappears. 

In  simple  instances  of  pulse -disappearance, 
therefore,  its  origin  may  be  in  the  agency  of 
CHC13,  but  when  it  is  so  it  is  invariably 
associated  with  its  narcotic  action,  and  with  the 
higher  degrees  of  it ; or  it  may  not  be  causally 
connected  with  CHC13  at  all,  for  the  occur- 
rence of  fall  of  blood-pressure  during  CHC13- 
anaesthesia  is  only  occasional ; but  in  order  to 
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be  causally  associated  with  its  action  it  should 
be  invariable. 

In  complex  instances  of  pulse-disappearance 
it  will  be  essential  to  analyse  each  result  into 
its  proper  components.  Thus,  the  return  of 
the  pulse  in  a given  instance  is  delayed.  The 
cause  of  the  delay  is  present  and  operating 
when  the  pulse  fails.  It  is  associated  with  one 
of  the  abnormal  conditions  that  may  accompany 
fall  of  blood-pressure.  When  the  actual  abnor- 
mal condition,  which  becomes  a causal  factor, 
is  removed,  the  pulse  will  reappear,  but  with 
different  rates  of  rapidity,  which  are  the  indica- 
tions of  different  kinds  of  disturbing  factors. 
And  if  artificial  means  are  needed  to  restore 
the  action  of  the  respiratory  machine,  these 
will  indicate  the  presence  of  the  causal  factor 
in  a high  degree  of  intensity.  The  causal 
factor  thus  being  isolated,  it  will  be  essential 
to  consider  its  relation  to  the  action  of  CHC13. 
It  may  be  the  consequence  of  its  physical 
action.  Thus,  CHC13  will  act  directly  in 
one  sphere  of  its  influence,  and  postpone  the 
reappearance  of  the  pulse.  Or  it  may  act 
negatively,  and  through  the  intermediation  of 
pulmonic  congestion  oppose  greater  or  less 
resistance,  according  to  the  greater  or  less 
degree  of  the  abnormality,  to  the  return  of 
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the  blood  from  the  portal  system.  Or  it  may 
act  physiologically,  but  indirectly,  and,  by  pro- 
ducing an  undue  degree  of  muscle-relaxation, 
effect  the  backward  displacement  of  the  base 
of  the  tongue,  the  consequence  of  which  will 
be  an  interference  with  the  function  of  aeration, 
already  in  an  abnormal  condition. 

But  muscle  collapse  is  a concomitant  of  fall 
of  blood-pressure.  The  mechanical  obstruction 
in  the  air -way,  resulting  from  the  displaced 
base  of  the  tongue,  may  be  complete  or  nearly 
so.  Thus,  in  anaesthesia,  complicated  by  vaso- 
motor depression,  the  supply  of  oxygen  to  the 
alveoli  will  be  restricted  to  the  contents  of  the 
air-way  below  the  obstruction.  So  long  as 
oxygen  is  absorbed,  the  reduced  action  of  the 
heart  will  manifest  signs  of  increasing  activity, 
and  even  the  pulse  may  become  perceptible  at 
the  wrist.  But  if  the  source  of  obstruction  be 
not  removed  within  a given  interval,  the  absence 
of  oxygen  in  the  alveoli  will  be  followed  by 
the  decline  and  arrest  of  the  cardiac  function. 
Thus,  the  pulse  will  again  disappear  after  its 
reappearance.  It  will  be  perceived,  therefore, 
that  the  determinant  of  the  subsequent  attitude 
of  the  heart  is  the  nature  of  the  respiratory 
contents.  When  these  are  normal — i.e.,  there 
is  no  temporary  respiratory  overdose  at  the 
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onset  of  fall  of  blood-pressure — the  disturbing 
factor  is  independent  of  the  action  of  CHC13. 

Thus,  the  ultimate  cause  of  fall  of  blood- 
pressure  may  be  some  kind  of  CHC13- action, 
and  the  factor  which  intervenes  and  influences 
it  may  be,  directly  or  indirectly,  connected  with 
some  kind  of  CHCl3-action.  Again,  the  cause 
of  fall  of  blood-pressure  may  be  independent 
of  CHC13- action,  and  the  intervening  factor 
which  complicates  the  action  of  the  heart  may 
also  be  independent  of  CHC13- action.  Thirdly, 
the  cause  of  fall  of  blood  - pressure  may  be 
independent  of  CHC13- action,  but  the  inter- 
vening factor  which  complicates  it  may  be, 
directly  or  indirectly,  associated  with  some 
kind  of  CHC13- action.  It  will  be  necessary, 
therefore,  in  determining  the  relation  between 
CHC13- action,  considered  physiologically,  and 
the  heart,  to  exclude  all  simple  instances  of 
pulse-disappearance,  which  proceed  from  inde- 
pendent sources,  and  in  the  case  of  complex 
instances  to  define  the  part  which  CHC13  plays 
in  their  production — the  seat  of  its  operation, 
and  the  particular  kind  of  its  action. 

In  CHC13- anaesthesia,  the  frequency  of  the 
pulse  is  at  first  slightly  increased,  but  it  tends 
to  become  accelerated  after  an  interval  of 
stability,  and  the  tendency  is  progressive — i.e., 
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the  greater  the  duration  of  anaesthesia,  the 
greater  the  frequency  of  the  pulse.  This  varia- 
tion of  the  pulse,  however,  is  invariably  pre- 
ceded by  increased  frequency  of  the  respiration. 
And  it  is  directly  proportioned  to  the  degree  of 
the  latter.  Consequently,  in  anaesthesia,  there 
is  no  direct  physiological  relation  between 
CHC13  and  the  action  of  the  heart.  But  if  it 
be  objected  that  there  is  some  nutritional 
interference  with  its  function,  by  reason  that 
a foreign  body  or  its  products  are  circulating 
in  and  affecting  the  blood,  the  answer  to  the 
objection  is  that  that  interference  is  reduced, 
in  the  circumstances,  to  a minimum ; and  be- 
sides, it  is  known  that  the  cardiac  muscle 
possesses  an  extraordinary  degree  of  resistance 
against  changes  in  the  constitution  of  the 
blood. 

In  CHCl3-narcosis,  the  negative  and  physio- 
logical actions  have  to  be  differentiated.  The 
tension  of  the  pulse  is  increased,  while  its 
frequency  is  diminished.  And  as  the  degree 
of  narcotic  action  tends  to  increase,  so  does 
the  tension  of  the  pulse  tend  to  increase,  and 
its  frequency  to  diminish.  If  the  degree  of 
narcotic  action  be  increased  beyond  a certain 
limit,  or  if  the  initial  overdose  be  continued 
for  a sufficient  period  of  time,  the  tension  of 
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the  pulse  will  be  progressively  increased,  and 
the  frequency  progressively  reduced,  up  to  a 
point  when  the  latter  is  increased  for  a short 
interval,  but  irregularly,  and  accompanied  by 
diminished  tension,  after  which  it  rapidly  de- 
clines and  disappears.  If,  now,  at  any  stage 
of  its  increased  tension,  the  action  of  CHC13 
be  withdrawn,  the  pulse  will  progressively 
return  to  its  normal  condition. 

The  abnormal  condition  which  invariably  ac- 
companies plus  tension  of  the  pulse  in  CHC13- 
narcosis  is  distension  of  the  pulmonic  artery, 
the  origin  of  which  is  either  mechanical  ob- 
struction in  the  air-way,  or  a diminution  in 
the  volume  of  air  below  a certain  degree  in 
the  CHCl3-air  atmosphere.  But  the  influence 
of  the  former  is  excluded  by  maintaining  the 
base  of  the  tongue  in  its  normal  position,  in 
the  induction  of  simple  CHC13-  narcosis,  in 
which  the  whole  of  the  abnormal  result  on  the 
pulse  will  proceed  from  the  displacement  of  air 
consequently  upon  the  evaporation  of  CHC13 — 
i.e.,  from  its  negative  action.  The  phenomena, 
therefore,  which  are  presented  by  the  pulse  in 
CHC13- narcosis  are  explained  not  by  a positive 
effect  of  CHC13  on  the  heart,  but  by  its  negative 
action  which  indirectly  affects  the  action  of  the 
heart,  through  its  direct  result — viz.,  distension 
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of  the  pulmonic  artery  becoming  the  cause  of 
distension  of  the  right  ventricle.  But  the 
argument  against  the  direct  action  of  CHC13 
on  the  heart,  if  it  be  assumed  that  it  may 
accompany  its  negative  action,  is  supported  by 
the  following  facts : 1,  the  mode  of  disappear- 
ance of  the  pulse  is  invariably  rapid  in  CHC13- 
narcosis,  and  it  precisely  conforms  to  the  mode 
of  its  disappearance,  when  distension  of  the 
pulmonic  artery  is  produced  by  a neutral  agent ; 
2,  if  CHC13  exercise  a direct  influence  on  the 
heart,  there  should  be  a manifestation  of  it  in 
its  weakened  contractions  immediately  after 
the  reappearance  of  the  pulse  on  the  occasion 
of  its  failure.  But  on  the  contrary,  after  the 
removal  of  the  abnormal  condition,  which  has 
led  to  the  temporary  loss  of  its  function,  the 
heart  rapidly  resumes  its  normal  power  of 
contracting. 

But  if  it  be  shown  that  CHC13  cannot  possibly 
possess  any  direct  influence  over  the  heart,  it  will 
necessarily  follow  that  the  actual  condition  of  the 
latter,  whether  normal  or  abnormal,  is  a matter 
of  no  moment  before  its  administration.  That 
applies,  however,  only  to  its  physiological  action. 
For  the  heart  may  be  affected  indirectly  by  the 
negative  action  of  CHC13.  Such  a consequence, 
however,  is  not  necessary ; it  does  not  appear  in 
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anaesthesia.  But  when  it  is  present,  as  in  CHC13 
narcosis,  an  increased  amount  of  work  will  be 
thrown  upon  the  heart.  In  such  a contingency 
the  initial  power  of  the  heart  will  play  an  im- 
portant part  in  determining  the  incidence  of 
syncope.  Thus,  if  the  cardiac  strength  be  less 
than  the  normal,  the  heart  will  tend  to  fail  early 
in  its  endeavour  to  withstand  increased  pressure 
in  its  right  ventricle.  By  removing  the  negative 
action  of  CHC13 — i.e.,  by  reducing  the  state  of 
narcosis  to  that  of  anaesthesia — the  action  of  the 
heart  will  return  to  the  normal.  The  abnormal 
conditions  which  surround  the  cardiac  action 
and  determine  its  failure  have  been  made  to 
disappear. 

§ 92.  Relationship  between  CHCl3- action  and 
muscle.  The  negative  and  physical  actions  of 
CHC13  are  both  associated,  in  certain  circum- 
stances, with  muscle  - rigidity.  This  abnormal 
phenomenon  invariably  disappears  when  1,  the 
CHCl3-air  atmosphere  is  replaced  by  air;  and, 
2,  the  air-way  is  rendered  normally  patent.  It 
will  be  necessary,  therefore,  to  exclude  this  form 
of  muscle-phenomenon  from  the  purely  physio- 
logical part  of  the  inquiry. 

The  muscles  are  in  a condition  of  relaxation 
on  the  induction  of  anaesthesia,  but  apparently 
their  tone  is  not  affected.  In  the  course  of 
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anaesthesia,  however,  there  is  a tendency  to 
diminishment  of  tone.  Thus,  the  application 
of  the  same  degree  of  intensity  of  the  stimulus 
will  be  followed  by  a less  degree  of  contraction 
at  the  end  of  30';  and  the  sensitiveness  of  the 
muscles  will  become  further  diminished  as  the 
duration  of  anaesthesia  is  prolonged,  so  that 
after  the  lapse  of  2°  the  response  of  the  muscle 
will  not  only  be  tardy  but  also  limited  to  the 
seat  of  stimulation,  instead  of  affecting  the  whole 
muscle.  But  as  the  degree  of  CHCl3-action  is 
progressively  reduced,  with  the  object  of  main- 
taining a constant  state  of  anaesthesia,  it  will 
be  perceived  that  a progressively  diminishing 
degree  of  intensity  of  the  cause  is  associated 
with  a progressively  increasing  degree  of  one 
of  its  results.  A variation  is  consequently  to 
be  sought  in  one  of  the  conditions  which  affect 
muscle-vitality. 

In  narcosis  the  same  tendency  is  perceptible, 
but  its  manifestation  occurs  earlier  than  in  the 
case  of  anaesthesia.  In  the  course  of  narcosis, 
maintained  at  the  same  degree,  diminishment 
of  muscle -tone  progressively  increases,  and  at 
a more  rapid  rate  than  that  in  anaesthesia.  But 
the  degree  of  minus-tone  is  not  the  same  for  all 
degrees  of  the  state  of  narcosis.  For  this  char- 
acteristic difference  is  presented.  Given  initial 
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normal  muscles,  the  greater  the  degree  of  the 
narcotic  action  of  CHC13,  the  less  will  be  the 
sensitiveness  of  muscles  to  local  stimulation. 
Thus,  the  same  degree  of  intensity  of  a stimulus 
will,  in  a low  degree  of  narcosis,  be  followed  by 
a late  and  limited  range  of  muscle-contraction, 
while  in  the  higher  degrees  of  narcosis  it  will 
induce  but  a faint  movement,  or  perhaps  none 
at  all. 

When  the  initial  condition  of  the  muscles  is 
abnormal — i.e.,  their  vitality  is  diminished — it  is 
found  that  while  the  same  results  are  produced 
as  in  normal  muscles,  yet  they  appear  earlier 
than  in  the  latter,  both  in  anaesthesia  and 
narcosis. 

The  factors,  then,  which  are  concerned  in 
the  causation  of  muscle-phenomena,  considered 
from  the  physiological  standpoint,  are  the  fol- 
lowing: i,  the  degree  of  CHCl3-action ; 2,  its 
duration ; and,  3,  the  initial  condition  of  the 
muscles. 

The  condition  of  muscular  relaxation  at  the 
onset  of  anaesthesia  is  explained  by  the  suspen- 
sion of  the  functions  of  the  cerebral  centres. 
Consequently  it  will  be  secondarily  related  to 
the  physiological  action  of  CHC13. 

But  the  suspension  of  the  functions  of  the 
cerebral  centres  is  not  equal  to  explain  loss 
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of  muscle-tone.  It  follows,  therefore,  that  that 
phenomenon  is  primarily  related  to  physio- 
logical action,  and  the  evidence  will  point 
to  the  conclusion  that  it  is  indirectly  caused 
by  that  action. 

Thus,  on  the  withdrawal  of  the  CHCl3-air 
atmosphere,  no  matter  what  the  circumstances 
may  be  at  the  time,  the  muscles  begin  to  re- 
cover their  natural  tone,  which  they  reach  after 
an  interval  that  is  shorter  in  anaesthesia  than 
in  narcosis,  and  in  anaesthesia  is  shorter  in  in- 
stances of  short  than  in  those  of  longer  duration. 
For  example : anaesthesia  was  induced  in  a nor- 
mal adult,  and  maintained  for  a period  of  10'. 
The  return  to  consciousness  occupied  3',  and  2' 
afterwards  the  patient  was  able  to  walk  from  one 
room  to  another  without  any  assistance.  The 
effect  upon  muscle-tone  was  by  inference  very 
slight,  because  it  was  so  quickly  removed.  And 
the  principal  factor  in  promoting  recovery  from 
the  results  of  CHCl3-action  is  the  patency  of  the 
air-way ; for,  when  it  is  maintained  normally 
patent,  the  return  to  consciousness  is  effected 
in  the  quickest  possible  time. 

It  would  appear,  then,  that  there  is  a causal 
factor  that  exercises  an  evanescent  influence  on 
the  function,  and  therefore  on  the  nutrition,  of 
the  muscles.  For,  as  has  been  observed,  the 
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intensity  of  the  result  begins  to  diminish  as 
soon  as  the  CHCl3-air  atmosphere  is  with- 
drawn ; and  in  order  to  maintain  it,  it  is 
necessary  to  continue  the  administration  of 
CHClg. 

Now  the  muscles  are  known  to  be  sensitive 
to  variations  in  the  proportion  of  oxygen  in 
the  blood.  In  narcosis  the  — OXy-  factor  is 
present.  And  it  might  be  objected  that  as 
the  negative  action  of  CHC13  produces  deoxy- 
genation, and  as  it  is  inseparably  associated 
with  a state  of  narcosis,  a cause  is  present 
and  operating  which  will  account  for  the 
diminishment  of  muscle -tone.  But  does  the 
shortage  of  oxygen  from  this  source  explain 
the  whole  of  the  result  ? The  following  com- 
parative investigation  will  show  that  it  cannot. 
If  the  same  degree  of  deoxygenation,  as  in 
CHCl3-narcosis,  be  induced  by  a neutral  agent, 
it  is  found  that  while  in  the  latter  there  is  a 
greater  degree  of  respiratory  obstruction — i.e ., 
a higher  degree  of  negative  action — in  the  former 
there  is  a greater  degree  of  muscle-change.  But 
in  anaesthesia,  in  which  the  negative  action  of 
CHC13  is  efficiently  counteracted,  the  same  result 
appears.  The  objection,  therefore,  is  demon- 
strated to  be  groundless. 

The  fact  that  —OXy  is  the  sole  factor  in  the 
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causation  of  loss  of  muscle-tone  appears  from 
the  following  considerations : when  the  blood 
is  deoxygenated,  and  the  action  of  CHC13  is 
continued,  the  rate  of  diminishment  of  muscle- 
tone  is  more  rapid  than  that  which  obtains  in 
anaesthesia ; when  the  state  of  narcosis  is  re- 
duced to  anaesthesia  by  diminishing  the  propor- 
tion of  CHC13  in  the  CHCl3-air  atmosphere,  the 
change  in  the  colour  of  the  blood  is  invariably 
associated  with  a change  in  the  degree  of 
muscle  - sensitiveness  ; as  the  blood  becomes 
more  and  more  reoxygenated,  so  do  the  muscles 
become  more  and  more  sensitive,  becoming  nor- 
mally so  when  the  blood  has  been  rendered 
normal ; when  the  blood  is  again  deoxygenated, 
by  increasing  the  CHCl3-constituents,  muscle- 
sensitiveness  is  diminished,  and  as  the  degree  of 
deoxygenation  is  increased,  so  does  the  degree 
of  loss  of  muscle-tone  become  increased. 

The  result  on  the  muscles — viz.,  a diminish- 
ment of  their  tone — is  thus  shown  to  be  caused 
by  — OXy.  And  the  principal  cause  of  shortage 
of  oxygen,  where,  as  in  narcosis,  these  are  more 
than  one,  is  traced  to  the  physiological  action 
of  CHC13.  The  — OXy-factor  is  consequently 
intermediate  between  that  action  and  the  loss 
of  muscle-tone  which  is  associated  with  it. 

§93.  The  relationship  between  CHCl3-  action 
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and  the  pupil. — The  study  of  the  variations  which 
are  presented  by  the  pupil  during  the  admin- 
istration of  CHClg  certainly  forms  the  most 
interesting,  if  it  be  not  the  most  important, 
part  of  the  problem. 

The  action  of  CHC13  is  not  associated  with 
any  one  condition  of  the  pupil,  but  different 
degrees  of  action  are  accompanied  by  different 
sizes  of  it.  Nor  does  the  degree  of  dilatation, 
which  corresponds  to  a given  degree  of  CH en- 
action, remain  constant  throughout  the  con- 
tinuance of  it ; for,  after  a certain  period,  the 
size  of  the  pupil  is  increased,  and  the  tendency 
is  manifested  at  the  end  of  subsequent  periods, 
which,  however,  become  shorter  in  length.  In 
these  circumstances  the  mode  of  onset  of  dilata- 
tion is  gradual.  But  instances  occur  in  which 
the  pupil  becomes  fully  dilated,  rapidly  or 
suddenly,  in  the  course  of  the  ordinary  ad- 
ministration of  CHC13.  The  circumstances  in 
which  it  does  so  are  different  from  those  which 
accompany  its  gradual  dilatation.  They  are,  i, 
sudden  or  rapid  fall  of  blood-pressure  when  it 
is  of  sufficient  intensity;  and,  2,  some  forms 
of  respiratory  arrest.  Now,  the  action  of  CHC13 
may  be  primarily  associated  with  one  form  of 
fall  of  blood -pressure,  and  with  two  forms  of 
arrest  of  the  action  of  the  respiratory  machine. 
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Thus,  it  will  be  perceived  that  the  relationship 
between  the  pupil  and  CHCl3-action  is  intri- 
cate : it  may  be  primary  or  secondary  in  simple 
instances,  and,  in  complex  ones,  it  may  be  both. 

It  will  be  necessary,  in  order  to  elucidate  this 
part  of  the  problem,  to  classify  the  different 
varieties  of  the  pupil  which  may  occur  in  the 
ordinary  administration  of  CHC13. 

The  pupil  is  contracted  or  pin  - point  in 
anaesthesia.  And  if  the  degree  of  CHC13- action 
be  progressively  diminished,  that  condition  of  it 
will  be  rendered  constant.  But  in  the  course 
of  CHC13- anaesthesia,  mechanical  obstruction 
may  intervene  and  cause  duskiness.  If  the 
degree  of  obstruction  be  moderate,  the  pupil 
will  preserve  its  contracted  condition  for  a 
period,  after  which  it  will  gradually  dilate. 
But  if  the  degree  of  obstruction  be  such  as  to 
embarrass  the  action  of  the  respiratory  machine, 
the  pupil  will  begin  to  dilate  when  the  act  of 
inspiration  is  temporarily  interrupted,  and  will 
immediately  afterwards  become  rapidly  dilated 
to  the  full  while  preserving  its  sensitiveness. 
On  the  removal  of  the  source  of  obstruction 
it  becomes  rapidly  contracted  to  the  normal, 
when  no  relative  blood-overdose  is  present,  and 
to  that  degree  of  dilatation  which  corresponds 
to  the  degree  of  relative  narcosis,  when  the 
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latter  accompanies  this  form  of  respiratory  arrest. 
The  irregularity  in  the  attitude  of  the  pupil,  on 
the  recovery  from  inaction  of  the  respiratory 
machine,  is  explained  by  the  fact  that  different 
degrees  of  the  abnormal  condition  of  the  blood 
may  antecede  the  onset  of  arrest.  Thus,  the 
effect  of  CHClg- action  on  the  blood  may  be 
either  anaesthetic  or  narcotic  before  its  occur- 
rence. But  the  recovery  of  the  function  of  the 
respiratory  machine  is  not  necessarily  followed 
by  the  immediate  return  of  the  blood  to  the 
normal.  And,  in  the  case  of  narcosis,  an  inter- 
val will  elapse  before  the  blood  becomes  nor- 
mally oxygenated.  Seeing  that  the  abnormal 
condition  of  the  blood  in  CHC13- narcosis  is 
invariably  accompanied  by  dilatation  of  the 
pupil,  and  that  variations  of  degree  of  the 
former  are  directly  proportioned  to  variations 
in  size  of  the  latter,  it  will  follow  from  the 
causal  nexus  which  exists  between  them  that, 
if  the  condition  of  the  blood  be  exactly  alike 
in  any  two  instances  of  temporary  respiratory 
arrest,  the  attitude  of  the  pupil  will  be  the  same 
in  both  on  the  recovery  of  respiration. 

In  CHClg- narcosis  the  pupil  is  dilated;  but 
there  is  no  uniform  degree  of  dilatation.  The 
degree  of  dilatation  varies  with,  and  is  directly 
proportioned  to,  the  degree  of  narcotic  action. 
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The  rapidity  with  which  dilatation  takes  place 
is  greater  or  less,  according  to  the  greater  or 
less  rate  of  increase  of  the  CHCl3-constituent 
in  the  CHCl3-air  atmosphere.  Thus,  from  the 
condition  of  normal  contraction,  it  may  become 
rapidly  dilated  to  one-half  within  45"  by  increas- 
ing sufficiently  the  proportion  of  CHC13.  But 
the  mode  of  dilatation  of  the  pupil  in  CHC13- 
narcosis  is  gradual,  as  compared  with  its  sudden 
dilatation  in  other  circumstances — e.g.,  the  im- 
mediate dilatation  to  the  full  associated  with 
severe  fall  of  blood-pressure. 

In  the  course  of  the  dilatation  of  the  pupil 
from  the  narcotic  action  of  CHC13,  a charac- 
teristic is  developed  which  separates  it  from 
all  the  other  forms  of  dilatation  which  may 
occur  in  ordinary  practice.  It  loses  its  sensi- 
tiveness to  the  action  of  light.  But  the  loss  of 
muscle -tone  is  effected  not  immediately,  but 
progressively.  For  while  in  the  lower  degrees 
of  dilatation  the  pupil  reacts  quickly  but  less 
powerfully  than  normally,  it  is  found  that  as 
the  size  of  the  pupil  is  made  to  increase,  its 
reaction  to  light  is  delayed  and  its  contraction 
reduced  in  degree ; so  that  when  it  is  fully 
dilated  the  stimulus  of  light  is  not  followed 
by  any  reaction  at  all.  This  tendency  of  the 
pupil  to  become  more  dilated  and  sluggish  with 
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an  increase  in  the  degree  of  CHCl3-narcosis, 
and  the  fact  that  there  is  an  inverse  proportion 
between  the  degree  of  dilatation  and  that  of 
sensitiveness,  will  help  to  explain  both  the 
causation  and  mechanism  of  the  dilatation  of 
the  pupil  in  CHCl3-narcosis. 

The  degree  of  narcotic  action  being  main- 
tained constant,  the  pupil  will  present  at  the 
end  of  a certain  period  an  increase  of  dilatation, 
thus  manifesting  the  same  tendency  as  appears 
in  anaesthesia.  And  in  all  instances  of  the 
“ sluggish  ” pupil,  its  reduction  to  the  normally 
contracted  state  is  effected  either  by  progress- 
ively increasing  the  proportion  of  air  in  the 
CHCl3-air  atmosphere,  in  which  case  the  return 
to  the  normal  will  be  gradual,  or  by  removing 
the  influence  of  CHC13  altogether,  when  the 
return  will  be  rapid.  The  pupil,  after  being 
contracted  from  the  abnormal  condition  of 
dilatation,  does  not  exhibit  any  impairment  of 
its  sensitiveness,  a fact  which  shows  that  the 
influence  of  CHC13  upon  it  has  not  been  (rela- 
tively) permanent.  And  the  relationship  between 
the  reoxygenation  of  the  blood  and  the  reduction 
of  the  dilated  pupil — if  oxygenation  is  retarded, 
contraction  is  delayed,  and  if  the  blood  is  con- 
tinuously oxygenated,  contraction  is  progressive 
— will  be  found  to  have  an  important  bearing 
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upon  the  nature  of  the  physiological  action  of 
CHC13. 

Dilatation  of  the  pupil  is  always  associated 
with  fall  of  blood -pressure  when  of  sufficient 
intensity.  It  may  or  may  not  be  associated 
with  arrest  of  the  action  of  the  respiratory 
machine ; thus  it  does  not  occur  in  voluntary 
arrest  when  the  antecedent  conditions  have 
been  normal,  but  it  invariably  occurs  in  func- 
tional arrest,  and  in  mechanical  arrest,  when  it 
is  accompanied  by  certain  abnormal  conditions 
of  the  circulatory  system.  It  would  appear, 
therefore,  that  the  respiratory  centre  is  not 
directly  connected  with  the  pupil : 1,  functional 
arrest  of  its  activity  is  necessarily  followed  by 
secondary  fall  of  blood-pressure  ; and  2,  primary 
fall  of  blood-pressure  is  associated  with  dilata- 
tion of  the  pupil.  In  all  these  instances  of  dilated 
pupil  its  sensitiveness  to  light  is  normally  pre- 
served. And  this  sensitive  character  forms  the 
readiest  means  of  differentiating  it  from  the 
sluggish  dilated  pupil  of  CHC13- narcosis. 

But  there  is  another  group  of  the  sensitive 
pupil  which  is  characteristic  of  abnormal  anaes- 
thesia. The  factors  which  are  associated  with 
it  are — 1,  extreme  emaciation ; 2,  high  fever ; 
and,  3,  long-continued  pain.  All  of  them  tend 
to  exercise  a prejudicial  influence  on  nutrition. 
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Consequently  the  condition  of  the  iris  will  be 
more  sensitive  than  normally  to  alterations 
temporarily  induced  in  the  constitution  of  the 
blood.  This  form  of  the  sensitive  pupil  tends 
to  become  contracted  in  the  course  of  the 
anaesthetic  action  of  CHC13,  but  its  return  to 
the  normal,  though  progressive,  is  gradual.  It 
would  appear,  therefore,  that  the  action  of 
CHC13  affects  unduly  the  nutrition  of  the  iris 
when  its  condition  is  initially  unstable.  And  the 
fact  that  the  iris  tends  to  become  accustomed 
to  the  interference  which  is  produced  in  its 
nutritional  surroundings  by  the  initial  action  of 
CHClg,  may  help  to  elucidate  the  nature  of  that 
action. 

If  the  degree  of  CHCls-action  is  maintained 
constant,  the  size  of  the  pupil  tends  to  increase. 
But  the  size  of  the  pupil  can  be  kept  constant 
by  progressively  diminishing  the  degree  of  action. 
Thus,  in  the  course  of  the  administration,  the 
same  result — e.g .,  the  contracted  pupil  of  normal 
anaesthesia — is  associated  with  a less  quantity  of 
the  agent  which  is  concerned  in  its  production. 
On  the  other  hand,  the  same  quantity  of  the 
agent  is,  in  narcosis,  associated  with  different 
degrees  of  dilatation  of  the  pupil  at  different 
times.  The  inference,  therefore,  is  drawn  that 
the  relationship  between  CHCl3-action  and  the 
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pupil  is  not  a direct  one,  but  that  a variation 
takes  place  in  some  condition  of  the  iris  that 
opposes  less  resistance  to  it.  And  the  following 
facts  support  this  view:  i,  In  instances  of  more 
than  the  ordinary  amount  of  fear  which  is  pre- 
sented before  the  administration,  the  pupil,  which 
is  widely  dilated,  does  not  conform  to  the  series 
of  changes  that  are  presented  in  normal  ex- 
amples. Thus  at  the  onset  of  automatic  res- 
piration the  pupil  remains  dilated,  and  continues 
so  for  a few  seconds,  after  which  it  rapidly  con- 
tracts. 2,  Respiratory  inhibition  may  intervene 
and  complicate  the  state  of  normal  anaesthesia. 
When  it  does  so,  the  pupil  becomes  dilated 
during  its  progress  and  preserves  its  sensitive- 
ness. But  the  degree  of  CHCl3-action  is  less 
than  it  was  at  the  commencement  of  anaesthesia, 
and  has  been  reduced  (below  the  normal  for 
the  particular  stage  in  which  the  complication 
appears)  in  order  to  meet  the  requirements  of 
the  abnormal  state  of  the  respiratory  machine. 
An  influence  superior  to  that  of  CHC13  operates 
to  prevent  the  production  of  the  maintenance  of 
the  normally  contracted  pupil.  But  if  the  de- 
gree of  CHC13- action  be  higher — i.e.,  a moderate 
degree  of  narcosis  is  present,  and  a fall  of  blood- 
pressure  takes  place  — the  pupil  will  undergo 
suddenly  an  increase  of  dilatation.  Thus,  though 
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the  size  of  the  pupil  is  of  first-rate  practical 
importance  in  the  administration  of  CHC13,  yet 
it  is  not  of  fundamental  importance  in  the  in- 
vestigation of  the  nature  of  the  physiological 
action  of  CHC13.  But  its  significance  lies  in 
its  being  one  of  the  means  which  lead  to  the 
isolation  of  the  direct  effect  of  that  action. 

The  factor  which  intervenes  and  complicates 
the  result  of  CHCl3-action  on  the  pupil  may 
or  may  not  derive  from  CHC13  itself.  Thus 
the  occurrence  of  sudden  dilatation  during  con- 
stant anaesthesia,  and  of  the  sudden  increase  of 
dilatation  during  the  course  of  a constant  but 
moderate  degree  of  narcotic  action,  will  point 
to  the  presence  and  operancy  of  some  agent 
which  is  independent  of  CHC13,  but  is  acting 
collaterally  and  simultaneously  with  it.  But 
in  respect  of  the  instance  of  the  gradual  dila- 
tation of  the  pupil  in  CHC13-  narcosis,  the 
evidence  points  to  the  origin  of  the  factor  as 
being  in  a product  of  CHC13- action. 

With  the  help  of  the  foregoing  data,  it  is 
possible  to  proceed  to  the  consideration  of  the 
mechanism  of  the  dilatation  of  the  pupil. 

The  pupil  is  contracted  in  CHCl3-anaesthesia 
and  in  sleep,  which  is  the  lowest  degree  of 
unconsciousness.  But  the  pupil  is  dilated  in 
CHCl3-narcosis,  in  which  the  degree  of  result 
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upon  the  cerebral  centres  is  inferred  to  be 
greater  than  that  which  exists  in  anaesthesia, 
on  the  ground  that,  given  the  normal  patency 
of  the  air-way,  consciousness  is  recovered  more 
quickly  in  the  latter  than  in  the  former.  Now, 
there  is  a direct  proportion  between  the  degree 
of  narcosis — i.e .,  the  degree  of  abnormality  of 
the  cerebral  centres — and  the  length  of  time 
which  is  required  for  the  recovery  of  conscious- 
ness. And  inasmuch  as  that  variation  in  the 
abnormal  condition  of  the  cerebral  centres  is 
accompanied  by  a corresponding  variation  in 
size  of  the  pupil, — for  as  the  former  is  greater 
or  less,  so  is  the  latter  greater  or  less, — it  might 
be  argued  that  a causal  nexus  exists  between 
them,  and  therefore  that  the  degree  of  the  ab- 
normal condition  of  the  cerebral  centres  will 
determine  the  degree  of  dilatation  of  the  pupil. 
The  argument,  however,  is  rebutted  by  the  fol- 
lowing facts : i,  in  opium-narcosis,  suspension 
of  the  cerebral  functions  is  associated  with  a 
contracted  pupil,  while  in  a similar  degree  of 
CHClg- narcosis,  as  measured  by  the  degree  of 
discoloration  of  the  blood,  the  pupil  is  dilated, 
but  the  difference  might  be  explained  by  the  less 
or  greater  rapidity  with  which  deoxygenation 
takes  place ; 2,  in  the  state  of  unconsciousness, 
induced  by  cerebral  haemorrhage,  the  condition 
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of  the  pupil  is  not  constant,  but  varies  accord- 
ing to  the  site  of  the  haemorrhage.  Thus  the 
pupil  is  contracted  in  haemorrhage  into  the 
Pons ; dilated  when  it  occurs  in  the  island  of 
Reil.  It  will  be  necessary,  however,  to  exclude 
in  each  particular  instance  interference  with  the 
venous  circulation  of  the  eye. 

It  would  appear,  therefore,  that  the  actual 
condition  of  the  pupil  is  independent  of  the 
abnormal  condition  of  the  cerebral  centres. 
But  it  is  possible  that  both  the  pupil  and  the 
cerebral  centres  may  be  affected  by  a common 
factor.  Supposing  that  they  are  so,  the  direct 
proportion  between  their  variations  in  different 
degrees  of  CHC13- narcosis  will  be  explained. 

Now,  the  factors  which  present  variations,  and 
which,  consequently,  may  possess  an  influence  in 
the  production  of  the  dilated  pupil,  are  these : 
i,  the  circulation ; and  2,  the  condition  of  the 
blood.  But  the  state  of  the  circulation  is 
practically  normal  in  sleep  and  in  normal 
CHClg-anaesthesia,  in  both  which  the  pupil  is 
contracted,  while  in  the  state  of  collapse,  in- 
duced by  loss  of  blood,  the  pupil  is  widely 
dilated.  Again,  the  state  of  unconsciousness 
may  be  associated  with  minus  arterial  tension 
and  a dilated  pupil  (reflex  stimulation  of  the 
vaso  - motor  centre  occurring  during  CHC13- 
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anaesthesia);  or  with  plus  arterial  tension  and 
a contracted  pupil. 

Different  variations  of  the  circulation  are  thus 
seen  to  be  accompanied  by  different  conditions 
of  the  pupil.  If,  then,  a causal  nexus  exists 
between  them,  the  same  variation  of  the  ante- 
cedent phenomenon — viz.,  the  same  change  of 
blood-pressure— will  invariably  be  followed  by 
the  same  variation  of  the  consequent — viz.,  by 
the  same  change  in  the  size  of  the  pupil — 
unless  some  particular  and  occasional  factor  is 
demonstrated  to  be  present  and  to  prevent  it. 
But  in  the  case  of  plus-tension  the  pupil  may 
be  dilated  as  in  CHCls-narcosis,  or  contracted 
as  in  mixed  unconsciousness,  produced  by  the 
anaesthetic  degree  of  CHCl3-action  and  mechani- 
cal obstruction.  And  in  that  of  minus-tension 
the  pupil  also  may  be  dilated  as  in  vaso-motor 
depression,  or  contracted  as  in  respiratory  in- 
hibition. It  must  be  noted,  however,  that,  i, 
in  CHC13- narcosis  as  tension  increases  so  does 
the  degree  of  dilatation  of  the  pupil  increase,  and 
as  the  degree  of  plus-tension  is  reduced  so  does 
the  degree  of  dilatation  become  less ; and,  2, 
varying  degrees  of  minus-tension  below  a given 
standard  are  associated  with  varying  degrees  of 
dilatation,  so  that  the  greater  the  fall  of  blood- 
pressure  the  larger  is  the  size  of  the  pupil. 
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Unless,  therefore,  some  particular  factor  can 
be  proved  to  exert  a contrary  influence  on  the 
condition  of  the  pupil,  in  certain  instances  no 
definite  conclusion  respecting  it  can  be  drawn 
from  the  comparative  study  of  variations  of 
tension. 

The  condition  of  the  blood  may  or  may  not  be 
normal  when  the  pupil  is  dilated.  In  the  case 
of  the  dilated  pupil,  which  follows  upon  reflex 
stimulation  of  the  vaso-motor  centre,  the  blood 
is  normal.  But  in  that  of  CHC13- narcosis  the 
blood  is  invariably  discoloured.  While,  how- 
ever, its  sensitiveness  is  unaffected  in  the  former, 
in  the  latter  it  is  impaired.  It  will  be  neces- 
sary, therefore,  to  inquire  into  the  cause  of  the 
sluggishness  of  the  pupil. 

Muscle-tissue  is  especially  sensitive  to  varia- 
tions in  the  proportion  of  oxygen  in  the  blood. 
Now,  in  CHClg- narcosis  there  is  evidence  of  a 
diminishment  of  oxygen  supplied  by  the  dis- 
coloration of  the  blood.  And  from  the  fact 
that  the  reoxygenation  of  the  blood  is  effected 
gradually,  as  compared  with  the  rate  at  which 
it  takes  place,  when  a neutral  agent  is  the  source 
of  deoxygenation,  the  inference  may  be  drawn 
that  the  blood  is  affected  differently  in  CHC1S- 
narcosis.  But  as  the  blood  eventually  becomes 
normally  oxygenated  without  the  manifestation 
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of  any  impairment  of  any  of  its  constituents, 
it  would  appear  that  there  is  another  source 
of  deoxygenation  than  that  supplied  by  the 
negative  sphere  of  the  narcotic  action  of  CHC13. 

The  minus  oxygen -factor,  as  a cause  of 
diminishment  of  muscle-tone,  will  explain  the 
sluggishness  of  the  pupil  to  the  action  of  light. 
If,  then,  it  can  be  demonstrated  that  in  a 
certain  group  of  instances,  a variation  of  the 
— OXy-factor  is  invariably  followed  by  a cor- 
responding variation  in  the  degree  of  sluggish- 
ness, and  that  when  the  cause  ceases  to  operate 
— i.e.,  the  blood  is  normally  oxygenated,  the 
whole  of  the  result  will  disappear — i.e.,  the  pupil 
becomes  normally  sensitive,  the  conclusions  will 
inevitably  follow,  1,  that  a causal  nexus  exists 
between  the  antecedent — i.e.,  —oxygen  and  the 
consequent — i.e.,  the  degree  of  sluggishness ; 
and,  2,  that  no  other  cause  besides  — OXy  is 
present  to  interfere  with  its  effect  on  the  pupil. 
But  such  can  be  demonstrated  in  the  case  of 
the  dilated  sluggish  pupil  of  CHCl3-narcosis. 

A comparison  being  now  instituted  between 
the  dilated  pupil  of  CHC13- narcosis  on  the  one 
hand  and  the  contracted  pupil  of  mixed  uncon- 
sciousness— i.e.,  CHCl3-anaesthesia  complicated 
by  mechanical  obstruction — and  of  opium-nar- 
cosis on  the  other,  it  will  be  perceived  that  the 
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circumstances  in  which  the  — OXy-factor,  which 
is  common  to  them,  operates,  present  the  follow- 
ing differences:  I.  The  degree  of  intensity  of 
the  causal  factor  is  greater  in  CHC13  and  in 
opium-narcosis  than  in  that  of  mixed  uncon- 
sciousness, on  the  supposition  that  the  duration 
of  mechanical  obstruction  complicating  normal 
CHClg- anaesthesia  is  limited  to  the  stage  of  the 
contracted  pupil ; for  if  it  be  extended  beyond 
that  stage  the  reduced  degree  of  CHC13- action 
will  become  relatively  narcotic,  and  will  con- 
sequently be  accompanied  by  dilatation.  In 
mixed  unconsciousness,  therefore,  the  effect  of 
— OXy  upon  the  iris  is  assumed  (for  the  present) 
to  be  insufficient  to  impair  its  nutrition.  It 
therefore  remains  in  the  condition  of  natural 
repose.  II.  But  the  pupil  is  contracted  in 
opium  - narcosis,  in  which  there  is  a greater 
degree  of  deoxygenation  than  in  the  example 
of  mixed  unconsciousness,  which  has  just  been 
considered.  It  cannot  be  argued,  however,  that 
that  difference  in  the  degree  of  the  intensity  of 
the  —OXy-factor  is  sufficient  to  affect  the  tone 
of  the  iris.  For  the  muscles  possess  a power  of 
resistance  which  is  offered  against  encroach- 
ments upon  their  oxygen-supply ; and  before 
that  is  overcome  it  is  essential  that  the  antag- 
onistic cause  shall  reach  the  necessary  degree 
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of  intensity.  Assuming  that  there  is  another 
cause  of  deoxygenation  than  that  of  defective 
aeration,  it  is  conceivable  that  it  may  be  present 
in  different  degrees  of  intensity.  Thus,  in 
opium  - narcosis,  the  degree  of  deoxygenation, 
though  sufficient  to  cause  unconsciousness,  may 
conceivably  be  insufficient  to  cause  the  requisite 
degree  of  effect  upon  the  iris,  which  is  followed 
by  the  dilatation  of  the  pupil.  But  in  CHC13- 
narcosis  the  pupil  is  dilated.  The  difference  in 
the  size  of  the  pupil  will,  therefore,  point  to  the 
circumstances  in  which  the  agents  respectively 
operate.  It  is  possible  that  one  of  them  exer- 
cises a greater  influence  on  the  volume  of  oxygen 
in  the  blood  than  the  other.  It  is  also  possible 
that  the  rate  of  their  absorption,  and  conse- 
quently the  rapidity  with  which  they  come  into 
action,  may  differ.  Now  it  is  known  that,  under 
favourable  conditions,  CHCl3-vapour  is  quickly 
absorbed  into  the  blood.  On  the  other  hand, 
an  interruption  to  the  progress  of  the  action  of 
opium  may  be  effected  by  judicious  treatment ; 
and  during  it  signs  of  returning  consciousness 
may  be  manifested  which  would  point  to  a 
progressive  rather  than  an  instantaneous  ab- 
sorption of  the  whole  of  the  agent.  The 
rapidity  with  which  the  whole  of  the  agent 
comes  into  operation  will  explain  why  the 
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pupil  is  contracted  in  opium  and  dilated  in 
CHClg- narcosis,  loss  of  muscle-tone  being  more 
quickly  effected  in  the  latter  than  in  the  former. 
But  it  is  to  be  observed  that,  1,  the  pupil  does 
not  continue  contracted  throughout  the  whole 
period  of  opium-narcosis,  but  begins  to  dilate 
and  progressively  dilates  during  the  later  stages 
of  it ; and,  2,  that  in  mixed-unconsciousness, 
when  the  degree  of  CHCl3-action  becomes  rela- 
tively excessive,  the  pupil  dilates.  Both  these 
forms  of  dilatation  are  accompanied  by  sluggish- 
ness. The  inference,  therefore,  will  be  that  a 
tendency,  and  probably  the  same  tendency,  to 
dilatation  of  the  pupil  is  created  by  the  agents 
in  question,  and  that  in  certain  circumstances 
it  becomes  uncounteracted.  Now,  the  —OXy- 
factor  is  known  to  possess  that  tendency,  and 
the  favourable  circumstance  to  its  manifestation 
can  be  demonstrated  to  exist  in  both  the  above 
instances — viz.,  an  increase  in  the  degree  of 
deoxygenation — which  is  inferred  from  the  in- 
creased discoloration  of  the  blood  that  appears 
in  them. 

The  mechanism  of  the  dilatation  of  the  slug- 
gish dilated  pupil  of  CHC13  and  its  congeners  is 
thus  explained.  And  it  will  be  perceived  that 
arterial  tension  does  not  play  the  most  im- 
portant part  in  it  as  it  would  do  if  the  iris 
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were  composed  of  blood-vessels  alone.  For  if 
that  were  the  case,  increased  tension,  which 
invariably  accompanies  the  narcotic  degree  of 
CHCl3-action,  would  necessarily  be  followed  by 
contraction  of  the  pupil.  The  fact,  however,  is 
that  the  pupil  is  dilated  and  sluggish  in  CHC13- 
narcosis.  If,  therefore,  plus -tension  tends  to 
contract  the  pupil,  it  follows  that  that  tendency 
is  opposed  and  overcome  by  another  tendency, 
which  is  the  product  of  CHCl3-action.  And 
thus  a reason  is  adduced  for  the  muscular 
structure  of  the  iris. 

But  dilatation  of  the  pupil  may  occur  without 
any  antecedent  change  in  the  condition  of  the 
blood.  Consequently,  it  would  seem  that  the 
explanation  which  is  satisfactory  for  one  form 
of  dilatation  is  not  for  another.  The  question, 
then,  is  presented,  Is  the  mechanism  of  dilatation 
different  in  different  forms,  or  is  it  fundamentally 
the  same  in  all  forms  ? — i.e.,  the  same  effect  upon 
the  iris  is  produced,  though  in  different  ways 
by  different  agents.  For  the  sake  of  clearness, 
the  action  of  artificial  agents,  applied  externally, 
is  for  the  present  excluded. 

When  the  pupil  dilates  during  the  normal 
condition  of  the  blood,  it  invariably  preserves 
its  sensitiveness.  Its  mode  of  onset  is  either 
rapid  or  sudden — i.e.,  it  reaches  its  actual  degree 
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of  dilatation  within  a space  of  time  which  can- 
not be  measured.  The  circumstances  under 
which  it  dilates  are  different,  and  are  as  follows : 
1,  returning  consciousness  from  normal  anaes- 
thesia ; 2,  extreme  degrees  of  the  state  of 

emotion ; 3,  reflex  stimulation  of  the  vaso- 

motor centre ; and  4,  sympathetic  stimulation 
of  that  centre,  consequent  upon  functional 
arrest  of  the  action  of  the  respiratory  centre. 

If,  now,  a comparison  be  made  between  these 
factors  in  so  far  as  regards  the  condition  of 
arterial  tension,  it  will  be  seen  that,  in  return- 
ing consciousness,  the  circulation  is  practically 
normal,  and  that  the  muscles  exchange  their 
natural  condition  of  relaxation  for  one  of  nor- 
mal tone — i.e.y  they  will  become  obedient  to 
the  new  conditions  which  govern  them ; while 
in  all  the  other  examples  there  is  a fall  of 
blood-pressure,  accompanied  by  muscle-collapse. 
In  the  former  there  is  no  intereference  with 
the  blood-supply  of  the  iris ; consequently,  the 
dilatation  of  the  pupil  is  a normal  phenomenon ; 
but  in  the  latter  there  is  interference  with  the 
nutrition  of  the  muscles,  consequently  their 
function  is  impaired : the  dilatation  of  the  pupil 
occurring  under  these  abnormal  circumstances 
will  therefore  be  abnormal. 

But  minus  arterial  tension  alone  will  not 
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explain  the  dilatation  of  the  pupil  in  those 
circumstances.  For  if  it  were  the  sole  cause, 
the  same  variation  in  the  degree  of  its  intensity 
would  invariably  be  followed  by  the  same  change 
of  size  of  the  pupil.  But  the  pupil  is  contracted 
during  respiratory  inhibition,  complicating  the 
anaesthetic  degree  of  CHC13- action,  and  conse- 
quently is  associated  with  secondary  fall  of 
blood-pressure.  And  as  no  tendency  can  be 
isolated  which  prevents  the  (assumed)  effect  of 
minus-tension,  another  reason  may  be  adduced 
in  favour  of  the  muscle  of  the  iris. 

The  study  of  minus  arterial  tension,  however, 
affords  the  means  of  elucidating  in  part  the 
mechanism  of  dilatation.  Thus,  a severe  fall 
of  blood-pressure,  associated  with  the  disappear- 
ance of  the  pulse,  is  immediately  followed  by 
dilatation  of  the  pupil.  But  when  tension  is 
raised  (and  there  is  supposed  to  be  no  inter- 
ruption to  the  natural  progress  of  vaso-motor 
complication  occurring  during  normal  anaes- 
thesia) the  pupil  does  not  contract  gradually, 
but  rapidly  reaches  the  normal  degree  of  con- 
traction before  the  pulse  is  perceptible  at  the 
wrist,  and  therefore  before  the  reappearance  of 
the  normal  degree  of  arterial  tension.  Thus, 
in  the  rise  of  arterial  tension  from  a minimum, 
as  in  its  decline,  there  is  no  invariable  relation 
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between  its  degrees  and  the  size  of  the  pupil. 
But  when  tension  is  gradually  reduced  from  a 
degree  higher  than  the  normal,  as  in  CHC13- 
narcosis,  in  which  the  blood  is  invariably 
deoxygenated,  the  size  of  the  pupil  gradually 
diminishes.  And  it  also  increases  as  the  degree 
of  tension  is  made  to  increase.  But,  though 
in  these  circumstances  there  is  demonstrated 
to  be  a direct  proportion  between  the  variation 
of  tension  and  that  in  the  size  of  the  pupil, 
yet  it  does  not  occur  in  all  circumstances  of 
increased  tension.  Consequently  it  is  not  an 
invariable  relationship,  but  is  limited  to  par- 
ticular circumstances,  amongst  which  is  the 
narcotic  degree  of  the  action  of  CHC13.  The 
conclusion,  therefore,  will  follow  that  a factor 
is  present  which  is  independent  of  arterial 
tension,  but  which  may  be  affected  by  it  in 
,)  certain  circumstances — e.g.,  severe  degrees  of 
>i-all  of  blood-pressure.  For  the  degree  of  ten- 
sion determines  the  amount  of  blood  supplied 
to  the  iris.  Minus  variations  in  the  amount 
of  blood  tend  to  impair  its  nutrition.  And 
its  actual  condition  at  any  given  time,  as 
determined  by  its  nutritional  surroundings, 
determines  its  tone,  and  consequently  the 
manner  in  which  it  performs  its  function. 

The  two  groups  of  the  dilated  pupil — the 
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sensitive  and  the  sluggish — are  thus  connected 
by  means  of  a common  factor.  In  the  former, 
the  invariable  antecedent  is  diminishment  of 
blood — and  therefore  of  oxygen — supply,  which, 
however,  has  to  be  rapidly  induced.  In  the 
latter  it  is  interference  with  the  nutrition  of  the 
iris,  produced  by  the  abnormal  condition  of  the 
blood,  the  abnormality  being  restricted  solely 
to  one  constituent  of  it — viz.,  diminishment  of 
oxygen.  But  the  circumstances  in  which  the 
— OXy  antecedent  operates  are  different.  Thus, 
in  the  one,  immediate  and  severe  fall  of  blood- 
pressure  is  followed  by  a complete  but  tempor- 
ary abstraction  of  oxygen  from  the  iris,  a 
condition  which  is  known  to  determine  the 
temporary  collapse  of  muscle  - tissue ; in  the 
other,  the  abstraction  of  oxygen  is  effected 
more  or  less  gradually.  But  when  a normal 
muscle  is  deprived  of  its  blood-supply  it  does 
not  forthwith  lose  its  sensitiveness,  but  it 
responds  normally  to  local  stimulation,  because 
its  nutrition  has  not  been  antecedently  im- 
paired. On  the  other  hand,  when  its  nutrition 
has  been  continuously  and  adversely  affected, 
as  by  the  removal  of  oxygen  in  the  blood,  its 
condition  becomes  abnormal,  and  this  abnormal 
condition  is  known  to  influence  the  result  of 
stimulation.  Now,  the  abnormal  condition  pro- 
VOL.  II.  Q 
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duced  by  — OXy  does  not  continue  after  the 
replacement  of  the  normal  volume  in  the  blood ; 
but  with  the  increase  of  oxygen  it  progressively 
disappears,  so  that  when  the  blood  becomes 
normally  oxygenated  the  normal  condition  of 
the  muscle  reappears. 

Fall  of  blood-pressure  is  effected  by  different 
agents : ideo-motor  reflex  action,  reflex  stimul- 
ation of  the  vaso-motor  centre,  and  external 
haemorrhage.  Deoxygenation  is  also  effected 
by  different  agencies : defective  aeration  and 
the  abstraction  of  oxygen  from  the  blood.  But 
not  all  degrees  of  deoxygenation  nor  all  degrees 
of  fall  of  blood -pressure  are  associated  with 
dilatation  of  the  pupil.  The  degree  of  deoxy- 
genation has  to  reach  a given  limit  before  the 
pupil  begins  to  dilate,  and  in  the  course  of  its 
dilatation  an  additional  abnormality  appears 
in  the  reduction  of  its  sensitiveness.  Now  the 
— OXy-factor,  by  causing  loss  of  muscle-tone, 
explains  both  those  characters  of  the  pupil. 
And  blood-pressure  has  to  fall  below  a certain 
degree  before  it  is  accompanied  by  dilatation 
of  the  pupil.  It  will  be  necessary,  therefore, 
to  distinguish  between  the  circumstances  which 
affect  the  operation  of  the  —OXy-factor  on 
different  occasions,  in  order  to  explain  the  differ- 
ences in  conduct  which  are  presented  by  the 
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dilating  and  dilated  pupil.  For  example,  the 
pupil  may  be  dilated  to  one-half  at  the  end  of 
io'  in  CHClg-narcosis ; the  degree  of  intensity 
of  the  — OXy-factor  is  moderate  and  has  oper- 
ated during  a comparatively  short  period  of 
time.  But  the  pupil  remains  in  a normal 
condition  of  contraction  for  2°  in  CHC13- anaes- 
thesia in  which  the  —OXy-factor  is  present  in 
a degree  of  intensity  that  is  insufficient  to  affect 
to  the  requisite  extent  the  nutrition  of  the  iris. 

It  is  necessary  to  explain  the  causation  of  the 
dilated  sensitive  pupil  when  it  occurs  in  the 
course  of  CHCl3-administration.  The  circum- 
stances under  which  it  appears  are  different. 
Thus,  it  may  occur  suddenly  during  the  pro- 
gress of  normal  CHCl3-anaesthesia.  When  it 
does  so  it  is  invariably  accompanied  by  sudden 
fall  of  blood -pressure.  And  a sudden  fall  of 
blood-pressure,  below  a given  degree,  is  followed 
by  sudden  collapse  of  the  iris.  In  this  group 
the  physiological  action  of  CHC13  is  not  caus- 
ally connected  with  the  dilatation  of  the  pupil. 
But  in  abnormal  CHC13- anaesthesia,  the  pupil 
is  dilated  and  sensitive  at  the  onset  of  auto- 
matic respiration,  though  it  tends  to  become 
subsequently  contracted.  The  initial  condition 
of  the  iris  is,  however,  abnormal — i.e.,  it  has 
become  unstable  as  the  consequence  of  inter- 
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ference  with  its  nutritional  surroundings.  The 
physiological  action  of  CHC13  will,  in  these 
circumstances,  be  associated  with  a relatively 
undue  degree  of  nutritional  disturbance,  and 
the  instability  of  the  iris  will  be  rapidly  in- 
creased as  the  natural  result  of  the  change 
that  has  been  rapidly  induced  in  its  abnormal 
surrounding  conditions.  A factor  is  thus  iso- 
lated to  explain  the  dilatation  of  the  pupil.  But 
. it  will  eventually  become  contracted,  and  its 
progress  towards  the  normally  contracted  state 
is  gradual,  occupying  different  periods  of  time 
in  different  examples,  the  shortest  being  10',  the 
longest  25'.  The  resisting  power  of  the  iris  is 
less  than  the  normal.  But  an  abnormal  iris, 
just  like  a normal  one,  will  present  a degree  of 
resistance  against  encroachments  on  its  vitality, 
though  it  will  be  less  than  that  opposed  by  the 
latter.  And  just  as  normal  tissues  tend  to  adapt 
themselves  to  a constant  change  of  their  sur- 
roundings, so  do  abnormal  ones,  but  it  takes 
a longer  time  for  the  latter  to  reach  the  con- 
dition of  equilibrium.  The  pupil  becomes  con- 
tracted because  the  initial  effect  of  CHC13  is, 
in  course  of  time,  completely  counteracted  by 
the  iris. 

§ 94.  The  relation  between  CHCl3  and  the  blood. 
— CHCI3  is  absorbed  into  the  blood  as  a vapour, 
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and  is  assumed  to  circulate  in  it.  But  it  loses 
its  characteristic  odour  in  the  process,  for  no 
trace  of  it  can  be  detected  in  blood  issuing  from 
a wound  during  CHC13- unconsciousness,  even 
when  the  degree  of  narcosis  is  high.  The  in- 
ference, therefore,  is  that  CHC13  undergoes  some 
change  when  in  contact  with  the  blood,  and 
that  it  either  enters  into  some  higher  com- 
bination or  into  a lower  one — i.e.,  it  is  decom- 
posed. The  CHCl3-product  will  thus  take  the 
place  of  CHC13  in  the  causation  of  the  phe- 
nomena v/hich  have  been  ascribed  to  the  latter. 

There  is  no  discoloration  in  anaesthesia,  so 
far  as  the  naked  eye  can  determine.  A certain 
proportion  of  air  is  displaced,  but  the  circum- 
stance of  the  increased  frequency  of  respiration 
explains  the  occurrence  of  the  normal  aeration 
of  the  blood.  Increased  frequency  of  respira- 
tion is  a known  consequence  of  an  alteration 
in  the  proportions  of  OXy  and  C02.  An  alter- 
ation can  thus  be  effected  within  a given  limit, 
which  does  not  cause  any  perceptible  change 
of  colour. 

If  CHC13  exercises  any  influence  on  the  blood, 
it  is  not  directly  manifested  in  the  anaesthetic 
degree  of  its  action.  But  because  no  change 
is  connected  with  that  particular  degree  of  its 
action,  it  cannot  be  inferred  that  it  has  no 


246  THE  CHClg-PROBLEM. 

effect  at  all,  unless  it  be  shown  that  when  the 
degree  of  action  is  increased  no  alteration  in 
it  is  perceptible.  For  living  tissues  possess  the 
power  of  accommodating  themselves  to  changes 
within  certain  limits,  without  manifesting  any 
apparent  alteration  of  their  condition.  But 
increase  the  change  up  to  the  requisite  degree, 
and  an  alteration  of  condition  will  become 
directly  or  indirectly  obvious. 

In  CHClg- narcosis  the  blood  is  invariably 
discoloured.  And  the  degree  of  discoloration 
is  directly  proportioned  to  the  degree  of  nar- 
cosis. It  may  consequently  be  taken  as  a 
measure  of  the  latter.  A causal  nexus  is  thus 
shown  to  exist  between  CHC13- action  and  the 
discoloration  (or  deoxygenation  of  the  blood). 
But  the  maintenance  of  the  normal  patency 
of  the  air-way  is  of  the  first  importance  in 
experimenting  with  slight  differences  in  the 
degree  of  narcotic  action,  for  the  influence  of 
a disturbing  factor — viz.,  mechanical  obstruc- 
tion— is  thereby  removed. 

There  is  a greater  displacement  of  air  with 
the  narcotic  than  with  the  anaesthetic  degree 
of  CHClg- action.  And  in  the  former,  as  the 
proportion  of  CHC13  increases,  so  does  that  of 
air  diminish.  Defective  aeration,  therefore,  will 
explain  the  relation  between  the  narcotic  action 
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of  CHClg  and  the  blood.  For  a diminishment 
of  oxygen  below  a certain  limit  is  accompanied 
by  discoloration,  and  the  greater  the  degree  of 
the  former  the  greater  will  be  the  degree  of 
the  latter.  But  defective  aeration  is  the  con- 
sequence of  the  negative  action  of  CHC13;  and 
apparently  it  satisfies  all  the  requirements  re- 
specting the  blood. 

Besides  the  discoloration  of  the  blood,  how- 
ever, other  phenomena  characterise  the  state  of 
narcosis ; for  example,  the  pupil  is  more  or  less 
dilated  and  more  or  less  sluggish.  And  further, 
as  the  degree  of  narcotic  action  is  maintained 
constant,  a tendency  appears  to  a variation  of 
results ; the  blood  becomes  progressively  darker, 
and  the  degree  of  dilatation  of  the  pupil  pro- 
gressively increases.  Does  the  causal  factor, 
which  has  just  been  isolated,  explain  these 
variations  ? The  following  considerations  are 
necessary  in  order  to  decide  the  question. 

The  anaesthetic  proportion  of  CHC13  is  not 
constant  for  all  conditions,  but  varies  with  the 
quantity  and  quality  of  the  blood.  Thus,  the 
same  amount  of  displaced  air  which  is  associ- 
ated in  the  normal  condition  of  the  blood  with 
no  discoloration,  is  in  the  anaemic  associated 
with  its  discoloration. 

The  higher  the  degree  of  the  overdose,  the 
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more  rapid  is  the  rate  of  increase  in  the  degree 
of  discoloration  during  the  narcotic  action  of 
CHC13.  But  by  progressively  diminishing  the 
proportion  of  CHC13,  the  degree  of  narcosis  is 
maintained  constant.  Thus,  with  an  increase 
in  the  proportion  of  air,  the  discoloured  blood 
remains  the  same  in  degree  of  intensity.  It 
follows,  therefore,  that  some  causal  factor  other 
than  the  negative  action  of  CHC13  is  present, 
and  that  it  tends  to  counteract  a reduction  of 
its  degree. 

Does,  then,  the  blood  become  less  resistant  in 
regard  to  one  of  its  constituents  ? 

The  same  amount  of  CHC13  is  followed  by 
the  same  quantity  of  physiological  effect.  Now, 
this,  in  the  instance  of  anaesthesia,  is  associated 
with  a tendency  to  increased  frequency  of  res- 
piration and  to  diminution  of  muscle-tone  as 
well  as  to  discoloration  of  the  blood.  It  is 
conceivable,  and  therefore  possible,  that  the 
blood  undergoes  a variation  of  condition  which 
renders  it  less  resistant  to  the  action  of  CHC13. 
In  the  course  of  the  action  of  CHC13  the  same 
degree  of  result  is  produced  by  a less  degree 
of  its  intensity.  The  change  which  the  blood 
undergoes  is  capable  of  being  easily  removed 
by  air,  as  is  seen  in  narcosis  of  short  and  in 
anaesthesia  of  long  duration.  And  the  fact  that 
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the  blood  returns  to  the  normal,  as  indicated 
by  the  return  to  the  normal  of  the  frequency 
of  respiration,  proves  that  the  change  which  is 
effected  in  it  is  not  followed  by  any  enduring 
result. 

The  introduction  of  this  factor — viz.,  a vari- 
ation of  the  blood — leads  to  the  explanation  of 
the  Law  of  Diminishing  Resistance. 

A constant  CHCl3-air  atmosphere  is  attended 
by  increased  frequency  of  respiration,  which  pro- 
gressively increases,  and  by  discoloration  of  the 
blood,  the  intensity  of  which  also  progressively 
increases  in  degree.  Increased  frequency  of  res- 
piration tends  to  consume  the  reserve  power  of 
the  muscles,  and  consequently  tends  to  their 
exhaustion.  The  respiratory  muscles,  in  their 
weakened  condition,  become  less  able  to  expel 
efficiently  the  relatively  heavy  CHCl3-air  atmo- 
sphere; and  the  commencement  of  a respiratory 
overdose  is  favoured,  which  gradually  increases 
in  degree  of  intensity. 

When  a comparison  is  made  between  the 
results  on  the  respiratory  machine  of  a constant 
CHCl3-air  atmosphere  and  of  a neutral  atmo- 
sphere displacing  a like  amount  of  air,  the  follow- 
ing differences  are  observed : 1,  the  tendency 
to  disablement  of  the  respiratory  machine  is 
manifested  much  earlier  in  the  former  than  the 
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latter ; 2,  while  the  pupil  tends  to  progressively 
dilate  in  the  former,  it  remains  contracted  in 
the  latter. 

The  cause  of  the  disablement  of  the  respira- 
tory machine  in  CHC13- narcosis  is  indirectly, 
not  directly,  due  to  muscle -exhaustion.  For 

there  is  no  immediate  manifestation  of  actual 
muscle-change  in  anaesthesia,  as  there  would  be 
if  CHClg  acted  directly  upon  that  tissue.  An 
abnormal  condition  of  the  respiratory  centre,  in- 
duced directly  by  CHC13,  is  excluded,  by  reason 
that  its  withdrawal  is  followed  by  a rapid  return 
to  the  normal  of  the  action  of  the  respiratory 
machine.  The  discoloured — i.e.,  the  deoxygen- 
ated — condition  of  the  blood  remains,  therefore, 
as  the  direct  source  of  muscle-change.  Nutri- 
tional interference,  in  the  form  of  the  diminish- 
ment  of  oxygen,  will  thus  appear  as  an  important 
factor  in  the  explanation  of  the  rate  at  which 
muscle-exhaustion  occurs.  And  it  may  be  in- 
ferred that  in  narcosis  there  is  a greater  dimin- 
ishment  of  oxygen  than  in  the  instance  with 
which  it  is  compared,  and  that  that  is  the 
additional  factor  which  accounts  for  the  differ- 
ences that  exist  between  them.  In  both  there 
is  deoxygenation,  but  the  degree  of  it  is  greater 
in  CHC13- narcosis,  in  which  state  the  blood  is 
affected  not  only  through  defective  aeration — i.e., 
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the  consequence  of  negative  action — but  also 
directly  by  the  physiological  action  of  CHC13. 

§ 95.  Summation  of  the  data  entering  into  the 
solution  of  the  problem . — The  Law  of  Diminish- 
ing Resistance  is  partially  explained  by  the 
negative  and  physical  actions  of  CHC13.  But 
the  fundamental  basis  upon  which  it  rests 
is  nutritional  interference  with  the  respiratory 
muscles.  For,  in  the  circumstances,  these 
muscles  have  more  than  the  ordinary  amount 
of  work  to  do.  And  they  are  supplied  with 
blood  which  is  not  only  of  abnormal  quality, 
but  may  also  be  deficient  in  quantity.  The 
— OXy-  factor  is  sufficient  to  account  for  the 
comparatively  rapid  rate  with  which  they  lose 
their  tone,  the  comparison  being  made  with 
instances  of  simple  defective  aeration,  in  which 
the  tone  of  the  respiratory  muscles  does  not 
appear  to  be  at  first  appreciably  affected. 

The  increased  frequency  of  respiration  in  an- 
aesthesia is  due  in  some  part  to  the  displacement 
of  air.  A certain  proportion  of  oxygen  may  be 
abstracted  from  the  blood  without  producing  any 
(appreciable)  discoloration  of  it.  The  — OXy- 
factor  is  the  direct  cause  of  the  suspension  of 
the  functions  of  the  cerebral  centres.  Different 
quantities  of  blood  require  the  removal  of  differ- 
ent amounts  of  oxygen,  in  order  to  reach  the 


252  THE  CHClg-PROBLEM. 

same  degree  of  deoxygenation.  Thus,  the  ex- 
planation is  effected  of  the  difference  in  the 
amount  of  CHC13  that  is  needed  to  produce 
anaesthesia  in  children  and  adults — i.e.,  in  ex- 
amples which  are  characterised  by  difference 
in  the  quantitative  condition  of  the  blood. 

In  narcosis  the  degree  of  respiratory  fre- 
quency varies  directly  with  the  degree  of  the 
narcotic  action  of  CHC13.  The  variation  is 
partially  explained  by  the  difference  in  the 
amount  of  air  displaced  by  CHCl3-vapour  in 
the  CHCl3-air  atmosphere.  But  the  same  diffi- 
culty is  presented  as  in  the  state  of  anaesthesia. 
It  is  removed  by  introducing  a second  source  of 
deoxygenation — viz.,  the  removal  of  oxygen  by 
the  direct  action  of  CHC13  on  the  blood.  And 
it  would  seem  that  the  respiratory  centre  is 
alone  affected  by  variations  of  the  OXy-con- 
stituent  of  the  blood. 

The  progressive  diminution  of  muscle -tone 
(excluding  the  circumstances  of  exposure  and 
the  artificial  interference  with  blood-supply)  is 
explained  by  the  constant  effect  of  less  than 
the  normal  supply  of  oxygen  to  the  muscles. 
Its  rate  of  increase  is  greater  in  narcosis,  where 
the  abstraction  of  oxygen  is  greater,  and  less  in 
anaesthesia,  where  it  is  less.  And  as  in  the  in- 
stance of  respiratory  frequency,  the  negative  ac- 
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tion  of  CHClg  is  equal  to  explain  some  part  of 
the  result,  but  not  the  whole  of  it.  It  has  al- 
ready been  shown  that  the  dilated  sluggish  pupil, 
which  is  characteristic  of  CHCl3-narcosis,  cannot 
be  explained  by  negative  action,  and  that  it  pro- 
vides evidence  of  the  presence  of  an  additional 
— OXy-factor. 

The  reoxygenation  of  the  blood  in  CHC13- 
narcosis  is  effected  more  slowly  than  in  the 
instances  of  mechanical  obstruction,  and  of  a 

1 

neutral  — OXy  - atmosphere.  The  inference 
drawn  from  this  circumstance  is  either  that 
a larger  volume  of  oxygen  is  withdrawn,  or 
that  a causal  factor  is  present  and  prevents 
oxygenation  until  such  time  as  it  is  itself 
destroyed  by  oxygen. 

The  assumption  that  CHC13  acts  directly  on 
the  cerebral  centre  is  not  confirmed  by  experi- 
ence. For  those  instances  which  would  seem 
to  support  it  are  explained  either  by  the  in- 
tervention of  mechanical  obstruction,  which  ob- 
structs normal  oxygenation  and  prolongs  the 
period  of  unconsciousness,  or  by  the  high  de- 
gree of  narcosis  which  has  been  attained. 

But  the  readiness  with  which  all  the  parts 
that  are  directly  or  indirectly  affected  by  CH  en- 
action regain  their  normal  condition,  and  con- 
sequently their  normal  function,  on  its  with- 


254  THE  CHClg-PROBLEM. 

drawal — the  air-way  being  maintained  normally 
patent — is  evidence  of  the  evanescent  influence 
to  which  they  are  subjected  by  it.  The  causal 
factor  which  exercises  a transitory  effect  upon 
tissue -life  is  — OXy.  The  changes  which  it 
effects  in  the  muscles  and  in  the  cerebral 
centres  begin  to  disappear  when  it  ceases  to 
operate,  and  they  completely  disappear  when 
the  blood  is  normally  oxygenated.  Thus,  not 
only  the  results  following  upon  CHCl3-action, 
but  also  the  circumstances  which  characterise 
their  progress,  are  in  conformity  with  those  of 
— OXy. 

The  conclusion,  therefore,  is  that  CHC13  acts 
directly  on  the  blood,  and  that  its  result  upon 
it  is  the  removal  of  oxygen.  The  — OXy-factor, 
which  is  their  proximate  cause,  thus  intermedi- 
ates between  the  indirect  phenomena  and  their 
ultimate  cause,  which  is  CHC13. 

The  relation  between  CHC13  and  the  blood  is 
twofold : its  negative  action  causes  deoxygena- 
tion by  the  diminishment  of  the  normal  supply 
of  air  to  the  alveoli,  but  this  has  been  shown 
to  be  unequal  within  given  limits  to  produce 
unconsciousness ; it  is  the  physiological  or 
physiologico  - chemical  action  of  CHC13  that 
is  indirectly  the  cause  of  the  suspension  of 
the  functions  of  the  cerebral  centres.  It  is 
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possible,  therefore,  to  limit  the  quantity  of 
CHClg-vapour  that  is  absorbed  to  the  amount 
of  oxygen  that  is  requisite  to  be  abstracted 
from  the  blood.  And  inasmuch  as  the  blood, 
which  is  the  part  directly  affected  by  the  physi- 
ological action  of  CHC13,  is  a variant,  and 
as  its  actual  condition  necessarily  influences 
the  result  that  appears  in  it,  it  follows  that 
each  individual  example  will  require  its  own 
anaesthetic  degree  of  CHCl3-action.  But  the 
administration  of  CHC13  may  be  (but  it  is  not 
necessary  that  it  should  be)  accompanied  by 
undue  interference  with  the  function  of  the  res- 
piratory machine,  proceeding  from  its  negative 
and  physical  actions ; and  in  the  course  of 
CHCl3-unconsciousness,  mechanical  obstruction 
may  occur  as  an  indirect  consequence  of  CHC13- 
action.  The  importance  of  taking  the  proper 
precautions  to  avoid  the  former  and  remove 
the  latter  in  investigating  the  action  of  CHC13, 
will  at  once  be  obvious  when  it  is  perceived 
that  the  effect  of  these  abnormal  factors  tends 
to  intensify  CHC13- results  by  increasing  the 
deoxygenation  of  the  blood.  Their  operancy, 
when  unrecognised,  will  account  for  some  of 
the  irregularities  which  have  been  ascribed  to 
the  physiological  action  of  CHC13. 


PART  V. 

EXPERIMENTAL  INVESTIGATION. 

§ 96.  Experimental  treatment  of  blood  with 
CHCly  — The  ordinary  atmosphere  in  which 
oxygen  is  diluted  does  not  exercise  any  im- 
mediate influence  on  CHC13.  In  certain  cir- 
cumstances, however,  it  is  liable  to  undergo  a 
change  which  is  associated  with  impairment  of 
its  anaesthetic  value.  But  it  is  to  be  observed 
that  the  intensity  of  the  effect  varies  with  the 
quantity  of  the  cause,  and  it  is  known  that 
nascent  or  pure  oxygen  causes  oxidation  of 
certain  substances  that  are  (practically)  unaf- 
fected by  it  when  its  power  is  reduced  by 
dilution. 

I.  The  first  change  that  appears  on  mixing 
fluid  CHClg  with  blood  is  an  increase  in  the 
degree  of  its  normal  colour.  It  is  immedi- 
ately produced,  and  it  is  followed  by  greater 
or  less  diminution  of  the  intensity  of  the  charac- 
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teristic  odour  of  CHC13.  This  result,  in  so  far 
as  colour  is  concerned,  is  apparently  contra- 
dictory to  the  conclusion  which  has  been 
reached  — viz.,  that  CHC13  abstracts  oxygen 
from  the  blood ; for  if  — OXy  be  the  cause  of 
discoloration,  it  would  seem  that  the  blood 
should  become  immediately  darkened.  But 
— OXy  is  only  one  of  the  possible  factors  con- 
cerned in  the  discoloration  of  the  blood,  and 
its  agency  may  be  indirect.  The  other  factors 
are  the  arrangement  of  the  coloured  blood-cor- 
puscles, which,  in  the  form  of  rouleaux,  possess 
in  a more  efficient  manner  the  power  of  re- 
flecting and  refracting  light ; and  an  assumed 
excess  of  C02  in  the  arterial  blood.  The 
vapour  of  the  latter  was  therefore  mixed  with 
blood  which  had  been  treated  with  CHC13. 
In  some  examples,  the  CHC13- blood  became 
at  once  discoloured,  and  presented  the  charac- 
ters of  venous  blood.  But  in  others,  though 
the  change  was  finally  effected,  yet  it  was  not 
immediate ; there  was  a period  of  transition, 
which  varied  in  length,  the  longest  being  io', 
in  which  discoloration  proceeded  gradually ; 
and  it  was  observed  that  as  the  CHC13- blood 
became  darker,  it  also  became  thinner  in  con- 
sistency— i.e.,  it  approximated  more  to  venous 
blood.  No  certain  conclusion  could  be  drawn 
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from  these  results.  C02  may  be  prevented 
from  entering  into  solution.  On  the  other 
hand,  its  presence  may  tend  to  hasten  the 
removal  of  oxygen. 

In  order  to  test  the  connection  between  the 
loss  or  diminution  of  CHC13- odour  and  the 
blood,  the  following  experiments  were  insti- 
tuted : the  quantity  of  normal  blood  was  kept 
constant  at  one  pint,  but  the  amount  of  fluid 
CHClg  was  made  to  vary.  It  was  found  that 
when  the  latter  was  small — e.g.,  f.  5i — no  trace 
of  odour  could  be  distinguished  immediately 
after  shaking ; but  with  larger  quantities,  up 
to  f.  3b  there  was  a diminution  of  intensity 
of  odour,  which  was  less  as  the  proportion  of 
CHCI3  was  greater. 

But  the  duration  of  these  experiments  was 
limited.  And  the  inference  that  might  be 
drawn,  that  because  there  was  no  immediate 
discoloration,  therefore  there  were  no  changes 
taking  place  to  effect  it  ultimately,  will  be 
perceived  to  involve  a curious  error  on  con- 
sidering the  results  of  the  following  series  of 
experiments  conducted  under  different  circum- 
stances. The  source  of  the  error  is  in  not 
recognising  the  resisting  power  which  the  blood 
possesses  against  the  influences  of  an  agent 
which  are  adverse  to  its  wellbeing. 
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The  same  quantity  of  blood  was  treated  with 
different  quantities  of  fluid  CHC13  and  left  to 
stand  exposed  to  the  air,  so  as  to  discover  what 
might  be  the  result  of  time  on  the  changes 
appearing  in  it.  After  an  interval  which  varied 
in  length,  it  became  darkened  in  all  instances  ; 
but  in  some  the  degree  of  discoloration  re- 
mained more  or  less  stationary,  while  in  others 
it  manifested  a progressive  increase  in  the 
degree  of  its  intensity,  with  less  or  greater 
rapidity,  until  it  became  black.  At  the  same 
time  that  the  blood  was  becoming  more  dis- 
coloured, it  was  losing  in  consistency,  and  a 
direct  proportion  was  observed  to  exist  between 
discoloration  and  fluidity — viz.,  as  the  degree 
of  the  former  increased  so  did  the  degree  of 
the  latter.  Thus,  the  final  result  on  the  initial 
CHCI3- arterial  blood  was  its  reduction  to  the 
condition  of  venous  blood.  In  those  instances 
in  which  it  was  produced  more  rapidly,  it  was 
observed  that  the  quantity  of  CHC13  was  larger, 
while  it  was  smaller  in  those  of  less  rapid 
occurrence. 

But  ordinary  venous  blood  shaken  with  air 
becomes  arterial.  The  blood  affected  by  fluid 
CHC13  was  therefore  treated  with  air.  But 
prolonged  shaking,  even  when  extended  to  20, 
failed  to  restore  the  colour.  Microscopic  exam- 
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ination  of  the  CHC13-  blood  showed  that  the 
coloured  blood-corpuscles  had  lost  their  proper 
shape  and  had  become  crenated. 

The  self-preservation  of  the  blood  explains 
the  fact  that  the  action  of  CHC13  is  not  im- 
mediately manifested  by  an  adverse  change  of 
its  condition.  On  the  other  hand,  the  presence 
of  CHC13  leads  to  the  utmost  efficiency  in  the 
defence  of  the  blood  against  it,  as  is  shown 
by  the  blood  maintaining  its  normal  consist- 
ency, and  by  the  increase  in  the  degree  of 
its  normal  colour.  The  resisting  power  of  the 
blood  is  gradually  overcome,  but  when  once 
broken  through,  it  quickly  yields  to  the  con- 
tinuous attack  of  CHC13. 

Now  the  circumstances  under  which  these 
experiments  were  performed  are  not  the  same 
as  those  which  obtain  in  the  ordinary  admin- 
istration of  CHC13.  There  is  a difference  in 
the  degree  of  local  effect  on  the  blood  be- 
tween CHC13  in  the  form  of  fluid  and  CHC13 
in  the  form  of  vapour.  And  it  is  possible  that 
fluid  CHC13  may  exercise  a destructive  influence 
on  the  oxygen-carriers.  Secondly,  the  vapour 
of  CHC13,  which  is  absorbed  into  the  blood, 
and,  as  CHC13- blood,  is  carried  by  the  circu- 
lation to  the  various  tissues,  is  the  proper  means 
of  studying  the  purely  physiological  action  of 
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CHC13;  for  not  only  is  local,  as  distinguished 
from  physiological,  action  thereby  reduced  to 
a minimum  if  it  exists  at  all,  but  the  quantita- 
tive factor  can  also  be  more  minutely  varied, 
and  the  progress  of  an  experiment  interrupted 
on  the  attainment  of  any  particular  degree  of 
result  without  the  appearance  of  any  further 
change  than  that  which  is  effected. 

II.  The  following  series  of  experiments  were 
consequently  instituted  in  order  to  discover  the 
effect  of  CHCI3- vapour  on  the  blood. 

Two  flasks  with  nozzles  are  put  into  com- 
munication by  means  of  rubber  tubing.  Blood 
is  poured  into  one,  so  as  to  fill  it  to  the  half 
of  its  capacity,  and  f.  3ii.  CHC13  into  the 
other.  The  apparatus  being  rendered  air-tight, 
the  warmth  of  one  hand  promotes  the  uniform 
evaporation  of  CHC13,  whilst  the  other  con- 
tinuously shakes  the  blood  in  order  to  change 
the  surface  of  contact,  and  therefore  hasten  the 
absorption  of  the  vapour.  For  the  purpose  of 
comparing  differences  of  tint,  a similar  flask, 
containing  precisely  the  same  amount  of  blood, 
is  kept  air-tight. 

The  normal  colour  of  the  blood  very  quickly 
undergoes  an  increase  in  the  degree  of  intensity, 
which  it  maintains  for  a period  of  10'.  It  then 
begins  to  darken,  and  the  degree  of  discoloration 
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progressively  increases,  until  at  the  end  of  45' 
it  reaches  the  colour  of  mahogany.  But  the 
altered  blood  still  preserves  some  degree  of 
consistency,  which  it  has  been  gradually  losing, 
as  is  shown  by  the  duration  of  the  stain  upon 
the  neck  of  the  flask.  If  at  this  stage  the 
action  of  CHCl3-vapour  is  continued  until  the 
colour  becomes  black,  and  no  trace  of  con- 
sistency remains,  it  will  be  impossible  for  the 
blood  to  recover  its  normal  condition  with  the 
assistance  of  air.  But  if,  on  the  contrary,  the 
influence  of  the  vapour  is  withdrawn,  and  the 
altered  blood  continuously  shaken  with  air,  this 
anomalous  change  will  be  presented, — it  will 
become  black  and  thin,  and  will  exhibit  all  the 
characters  of  venous  blood,  with  this  single  ex- 
ception, that  it  does  not  readily  absorb  oxygen 
from  the  air  and  become  quickly  converted 
into  arterial  blood.  But  it  will  do  so  grad- 
ually, if  the  treatment  of  shaking  it  with  air 
is  continuously  applied,  and  will  present,  but  in 
the  reverse  order,  exactly  the  same  differences 
of  tint  as  obtained  when  oxygen  is  abstracted 
from  it.  Thus,  at  the  end  of  5'  it  becomes 
mahogany  - coloured,  and  acquires  a certain 
degree  of  consistency.  And  as  more  oxygen 
is  absorbed,  the  colour  becomes  less  deep  and 
the  consistency  greater,  until  at  the  end  of 
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i°  the  blood  appears  to  be  restored  to  its 
normal  condition.  On  microscopical  examin- 
ation no  appreciable  change  could  be  detected 
in  the  coloured  blood-corpuscles. 

The  blood  which  had  thus  been  recovered 
from  the  effect  of  CHC13  was  again  subjected 
to  its  influence  in  the  same  way.  And  in 
order  to  determine  whether  any  result  was 
produced  which  had  not  been  observed,  a 
second  experiment  was  simultaneously  con- 
ducted with  the  former,  but  with  blood  which 
had  not  previously  been  affected  by  CHC13. 

The  same  series  of  changes  were  presented 
in  both,  but  the  rate  of  their  progress  was 
different  in  each,  being  more  rapid  in  that  in 
which  the  blood  had  already  been  influenced 
by  CHC13.  Conversely,  the  rate  of  recovery 
was  quicker  in  that  in  which  the  blood  had 
not  been  affected  by  CHC13.  Thus,  blood  pre- 
viously rendered  venous  by  the  action  of  CHC13 
in  45',  now  required  30'  for  the  same  purpose, 
while  its  recovery  took  i°  20'.  As  in  the  first, 
so  in  the  second  treatment  of  the  blood  with 
CHC13,  no  appreciable  change  could  be  detected 
in  the  oxygen-carriers  under  the  microscope. 

The  blood  which  had  been  twice  consecu- 
tively treated  by  CHC13  was  a third  time  sub- 
jected to  its  influence,  a short  interval  only 
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elapsing  between  the  experiments.  In  this 
series  a marked  diminution  is  seen  in  the 
resisting  power  of  the  blood ; its  colour  be- 
comes darkened  at  the  end  of  2,  and  black 
after  an  interval  of  15'.  And  in  no  single  in- 
stance did  the  normal  colour  return,  though 
the  treatment  with  air  was  continued  beyond 
2°.  Microscopical  examination  showed  that  the 
coloured  blood-corpuscles  had  lost  their  normal 
characters.  The  precautions  which  were  taken 
to  limit  the  degree  of  CHC13- effect,  so  as  to 
ensure  recovery,  were  thus  unsuccessful.  For, 
though  the  vapour  of  CHC13  was  withdrawn 
before  the  blood  became  as  deeply  discoloured 
as  in  the  former  series  of  experiments,  the 
quantity  remaining  in  solution  was  relatively 
excessive  in  regard  to  its  resisting  power.  The 
inference  may  therefore  be  drawn  that  dimin- 
ishment  of  the  resisting  power  of  the  blood 
does  not  proceed  at  a uniform  rate,  but  that 
it  is  gradually  reduced  at  first,  and  afterwards 
quickly  declines. 

If,  instead  of  fresh  blood,  experiments  be  made 
with  blood  that  has  been  kept  for  some  days,  the 
removal  of  its  oxygen  by  CHC13  will  be  found  to 
be  effected  more  rapidly.  For  example,  blood 
five  days  old  will  manifest  an  obvious  diminish- 
ment  of  resistance  as  compared  with  that  which 
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it  presented  when  fresh,  and  on  the  tenth  day  it 
will  exhibit  very  little  at  all.  The  resistance 
which  the  blood,  removed  from  its  natural  sur- 
roundings, opposes  against  agents  that  encroach 
on  its  vitality  is  thus  very  great.  A fortiori  it 
will  be  greater  when  in  circulation. 

If  the  vapour  of  CHC13  be  withdrawn  after 
the  production  of  a given  degree  of  discolora- 
tion and  the  blood  treated  with  air,  its  colour, 
instead  of  diminishing  as  might  be  supposed, 
increases  in  intensity,  after  which  it  gradually 
returns  to  the  normal.  The  source  of  the 
supply  of  the  agent  has  been  cut  off;  but  a 
certain  amount  of  it  still  remains  in  solution 
in  the  blood,  and  continues  its  effect  until  it 
is  destroyed.  The  oxygen-carriers  absorb  oxy- 
gen from  the  air,  and  yield  it  in  a nascent 
or  pure  condition  to  CHC13.  Thus  they  act 
as  intermediaries  between  the  latter  and  the 
atmosphere,  and  it  is  conceivable  that  their 
function  may  be  impaired  for  the  time  being, 
owing  to  the  abnormal  conditions  under  which 
it  is  performed.  The  supposition  would  ac- 
count for  the  slowness  with  which  the  blood 
is  reoxygenated.  The  abnormality  induced  in 
the  oxygen-carriers  can,  however,  be  only  slight, 
inasmuch  as  they  ultimately  recover  their  normal 
function. 
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Pure  oxygen  might  be  used,  or  an  atmosphere 
containing  a larger  proportion  of  oxygen  than 
the  normal,  in  recovering  blood  that  has  been 
rendered  venous  by  the  action  of  CHC13.  And 
if  there  be  a larger  proportion  of  oxygen  present, 
the  inference  is  that  the  rate  of  recovery  will  be 
accelerated.  But  the  experiments  have  been 
confined  to  the  use  of  air  alone  in  recovering 
blood  treated  with  CHC13,  for  the  reason  that 
it  is  the  natural  means  of  supplying  oxygen  to 
the  blood.  In  instances  of  CHC13  - narcosis, 
terminating  in  respiratory  arrest,  it  is  not  so 
much  the  proportion  of  oxygen  as  the  normal 
patency  of  the  air -way  that  is  of  fundamental 
importance  in  the  artificial  restoration  of  the 
action  of  the  respiratory  machine. 

CHC13  causes  directly  an  abnormal  condition 
of  the  blood,  which  is  completely  removed  by 
the  absorption  of  oxygen.  The  irresistible  con- 
clusion, therefore,  follows  that  CHC13  abstracts 
oxygen  from  the  blood.  But  in  the  process 
it  is  destroyed.  Consequently  the  inference  is 
that  it  is  oxidised,  and  it  is  verified  by  the 
oxidation  of  CHC13  by  H202.  That  the  pro- 
ducts of  CHC13  - oxidation  are  not  injurious, 
either  to  the  blood  or  to  any  other  part  of 
the  organism,  is  proved  by  the  return  to  their 
normal  function  of  all  the  parts  that  are  di- 
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rectly  or  indirectly  affected  by  CHC13  after  it 
has  ceased  to  operate. 

It  will  be  seen,  therefore,  that  it  is  impossible 
for  CHClg  to  remain  in  the  blood  without  be- 
coming oxidised.  But  if  there  be  an  excess  in 
the  circulation  — i.e.,  such  an  amount  as  will 
require  more  oxygen  for  its  oxidation  than  can 
be  supplied  by  the  blood,  without  the  latter 
manifesting  any  local  indications  of  the  altera- 
tion that  is  effected  in  it  — the  question  will 
arise,  What  influence  does  that  extra  quantity 
exert,  if  any,  upon  the  tissues  of  the  organism, 
and  particularly  upon  the  cardiac  muscle  ? 

In  the  first  place,  the  excess  of  CHC13  ab- 
sorbed into  the  blood  is  not  equivalent  to  the 
quantity  that  may  be  administered,  but  is 
determined  by  the  negative  action  of  CHC13, 
which,  by  causing  distension  of  the  pulmonic 
artery,  safeguards  the  blood  against  too  rapid 
a rate  of  the  process  of  deoxygenation.  The 
quantity  of  CHC13,  though  limited,  may  pos- 
sibly be  sufficient  to  exert  a prejudicial  local 
influence  on  the  tissues,  for  the  degree  of  in- 
tensity of  the  cause  is  one  of  the  determinants 
of  the  result,  and  what  a small  proportion  of 
CHC13  in  the  blood  cannot  effect  in  this  respect, 
a larger  one  may  be  able  to  produce.  It  will 
be  necessary,  consequently,  to  inquire  into  the 
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phenomena  that  follow  upon  the  presence  of 
an  excess  of  CHC13  in  the  blood.  And  in 
narcosis  we  find  that  while  the  frequency  of 
respiration  is  accelerated,  the  frequency  of  the 
pulse  is  diminished  and  its  tension  increased. 
Now  plus  frequency  of  respiration  is  normally 
followed  by  plus  frequency  of  the  pulse.  An 
opportunity,  therefore,  is  provided  to  introduce 
the  local  influence  of  CHC13  as  a causal  factor 
in  the  explanation  of  the  irregular  condition  of 
the  pulse.  If  the  source  of  the  latter  be  ascribed 
to  the  heart,  it  will  follow  that  the  local  action 
of  CHC13  is  associated  with  a greater  degree  of 
cardiac  energy  than  the  normal.  If,  however, 
it  be  assumed  that  the  long  - continued  action 
of  an  excess  of  CHC13  in  the  blood  ultimately 
causes  cardiac  failure,  through  its  injurious  in- 
fluence on  the  cardiac  muscle,  the  assumption 
leaves  unexplained  the  over  - distension  of  the 
right  ventricle,  which  accompanies  what  may 
eventually  prove  to  be  only  a temporary  arrest 
of  the  cardiac  function. 

The  amount  of  standard  CHC13  needed  to 
produce  anaesthesia  in  a normal  male  adult  is 
3iiiss,  and  if  we  subtract  as  the  propor- 
tion that  is  lost  by  evaporation  into  the  air, 
the  vapour  of  3ii  will  represent  the  quantity 
that  affects  the  blood.  Thus  the  ratio  be- 
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tween  the  amount  of  CHC13  and  the  quantity 
of  the  blood,  which  may  be  taken  as  10  lb., 
is  very  small.  The  end -object  of  administra- 
tion is  thus  the  production  of  a constant  state 
of  % - degree  of  deoxygenation,  * representing 
the  actual  resisting  power  of  the  blood.  And 
its  attainment  is  practically  effected  by  dividing 
the  dose  into  equal  parts,  and  administering 
them  at  frequent  intervals ; in  other  words,  by 
maintaining  the  CHCl3-air  atmosphere  constant. 
The  quantitative  action  of  CHC13  will  thus  be 
perceived  to  occupy  the  foremost  place  in  the 
method  of  its  administration. 

Limited  to  the  anaesthetic  degree  of  its  ac- 
tion, CHC13  produces  the  least  possible  dis- 
turbance to  the  respiration,  the  pulse,  and  to 
nutrition  generally.  In  these  respects  it  pos- 
sesses superior  advantages  to  its  allies,  which 
are  either  more  stimulant,  and  consequently 
more  exhausting,  or  else  their  vapour  is  heavier. 
The  density  of  CHC13- vapour  will  provide  the 
only  solid  argument  against  its  being  an  ideal 
agent  for  inducing  and  maintaining  unconscious- 
ness. For  the  action  of  the  respiratory  machine 
is  liable  to  undergo  variations,  which  proceed 
from  different  sources.  Consequently  the  pos- 
sibility of  a respiratory  overdose  arises.  But 
that  will  be  counteracted  by  equalling  the  pro- 
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portion  of  CHC13  in  the  CHCl3-air  atmosphere 
to  the  requirements  of  the  altered  conditions  of 
the  respiratory  machine. 

The  abstraction  of  its  oxygen  by  CHC13  leads 
to  the  demonstration  of  the  causation  of  the 
discoloration  of  the  blood. 

It  has  been  shown  that  blood  may  be  de- 
colourised without  the  intervention  of  C02. 
The  inference,  therefore,  is  that  C02  is  not 
necessary  to  its  causation. 

It  has  also  been  shown  that  when  oxygen  is 
removed  within  a given  limit  of  quantity,  no 
discoloration  takes  place.  On  the  contrary,  its 
removal  is  associated  with  an  increase  in  the 
degree  of  colour-intensity  when  CHC13  is  the 
agent  that  is  used  to  effect  it.  The  inference, 
therefore,  is  that  the  abstraction  of  oxygen  is 
not  the  direct  cause  of  discoloration.  But  it 
is  causally  connected  with  it,  for  as  the  propor- 
tion of  oxygen  below  the  given  limit  diminishes 
the  degree  of  discoloration  increases,  and  as  the 
proportion  of  oxygen  increases  the  degree  of  dis- 
coloration diminishes.  The  consistency  of  the 
blood,  however,  presents  a variation  at  the  same 
time  as  discoloration,  and  the  two  variations  are 
inversely  proportioned  to  each  other : thus,  as 
the  blood  becomes  more  discoloured  it  is  less 
consistent,  and  as  it  becomes  less  discoloured  it 
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is  more  consistent.  It  will  be  essential,  there- 
fore, to  introduce  a cause  that  will  explain  not 
only  the  variation  of  colour,  but  also  of  con- 
sistency. The  factor  which  invariably  accom- 
panies changes  of  colour  and  of  consistency  is 
the  arrangement  of  the  coloured  blood-cor- 
puscles. It  is  known  that  in  arterial  blood  it 
takes  the  form  of  rouleaux,  which  oppose  the 
passage  of  light.  On  the  other  hand,  it  is  known 
that  in  venous  blood  the  coloured  blood-cor- 
puscles are  disparate,  and  consequently  their 
power  to  reflect  light  is  reduced  to  a minimum. 
In  the  intermediate  stages  between  arterial  and 
venous  blood  the  rouleaux  become  broken  up, 
and  the  process  of  their  disintegration  proceeds 
pari  passu  with  the  continuous  removal  of  oxygen. 
Conversely,  the  absorption  of  oxygen  is  associ- 
ated with  their  reconstruction.  The  conclusion, 
therefore,  is  that  oxygen  is  the  indirect  cause  of 
the  discoloration  and  diminished  consistency  of 
the  blood,  and  that  it  acts  by  causing  the  isola- 
tion of  the  oxygen-carriers. 

Another  point  of  importance  is  the  source  of 
the  stimulation  of  the  respiratory  centre.  In 
CHClg- narcosis,  on  the  assumption  that  there 
is  an  absolute  excess  of  C02  in  the  blood,  in- 
creased frequency  of  respiration  is  associated 
with  +C02  and  — OXy.  But  in  CHCl3-anaes- 
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thesia  it  has  been  shown  that  there  is  no  inter- 
ference with  aeration,  and  in  these  circumstances 
that  is  the  only  agency  by  which  the  C02  ele- 
ment in  the  blood  can  be  affected.  For  the 
direct  action  of  CHC13  is  restricted  to  the 
oxygen  constituent.  Increased  frequency  of 
respiration  is  therefore  associated,  i,  with  dark 
blood,  which  is  known  to  contain  less  oxygen 
than  normally,  and  assumed  to  contain  an 
excess  of  C02;  and,  2,  also  with  normally 
coloured  blood,  which  can  only  contain  the 
normal  proportion  of  C02,  and  is  proved  to 
contain  less  than  the  normal  amount  of  oxygen. 
The  — OXy-factor  is  thus  proved  to  be  a res- 
piratory stimulant.  Is  it  the  only  one  ? For  it 
is  conceivable  that  +C02  may  also  stimulate 
the  respiratory  centre.  Now  a cause  can  only 
produce  its  effect  when  it  is  in  action.  The  first 
essential  is  to  demonstrate  that  it  is  present,  and 
it  is  the  fact  that  the  blood  may  be  dark — i.e., 
in  the  condition  in  which  +C02  is  supposed  to 
be  present — without  there  being  any  change  of 
its  proportion.  But  is  the  proportion  of  C02  in 
the  arterial  blood  increased  in  the  instance  of 
a neutral  agent  displacing  air?  Now  the  factor 
that  determines  the  alveolar  circulation  is  the 
presence  of  oxygen  in  the  alveoli.  If  C02  be 
capable  of  being  absorbed,  the  fact  has  to  be 
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explained  why  the  alveolar  circulation  is  retarded 
when  the  proportion  of  oxygen  in  the  alveoli  is 
reduced.  But  assuming  that  it  is  present  in 
dark  arterial  blood,  does  it  act  as  a stimulant 
of  the  respiratory  centre?  In  order  to  decide 
that  question,  it  will  be  necessary  to  estimate 
the  amount  of  the  — OXy-factor  in  any  given 
instance,  and  the  degree  of  stimulation  of  the 
respiratory  centre  that  accompanies  it.  If  the 
degree  of  stimulation  of  the  respiratory  centre, 
as  measured  by  the  increased  frequency  of  res- 
piration, correspond  exactly  with  the  quantity  of 
a cause — viz.,  — OXy,  that  is  known  to  produce 
it — it  will  follow  that  a variation  of  the  C02  ele- 
ment is  not  a respiratory  stimulant ; because  it 
is  impossible  that  a cause,  assumed  to  be  acting, 
shall  not  produce  its  effect ; and  it  is  not  shown 
that  C02  is  prevented  from  coming  into  action. 
But  if,  on  the  contrary,  the  degree  of  result — 
viz.,  of  respiratory  acceleration — be  proved  to  be 
greater  than  can  be  explained  by  the  quantity 
of  the  —OXy-factor  present,  the  difference  will 
obviously  proceed  from  another  causal  factor 
co-operating  with  it,  and  that  factor  may  be 
+ C02. 

§ 97.  Respirable  vapours  and  the  blood.  — 
Oxygen  may  conceivably  be  abstracted  from 
the  contents  of  the  air-way.  The  vapour  of 
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HCy  is  very  diffusible  and  readily  oxidisable. 
Its  presence,  therefore,  in  the  air-way,  will  be 
followed  by  the  disappearance  of  the  oxygen 
in  it,  the  consequence  of  which  will  be  im- 
mediate and  complete  alveolar  stasis.  The 
action  of  the  right  ventricle  will  thus  be  opposed 
by  a resistance  in  the  terminals  of  the  pulmonic 
artery,  which  is  not  more  or  less  rapidly  or 
gradually  induced,  but  completely  and  suddenly. 
A proportion  of  HCy  vapour  is  carried  into  the 
blood  antecedently  to  alveolar  stasis.  And  the 
increase  in  the  intensity  of  the  normal  colour 
of  the  blood  is  explained  by  the  effort  of  the 
coloured  blood-corpuscles  to  preserve  themselves 
from  imminent  destruction.  But  the  fight  for 
oxygen  is  unequally  sustained,  and  eventually 
the  corpuscles  yield  their  oxygen,  and  the  blood 
in  the  arteries  becomes  venous. 

It  is  possible  to  abstract  oxygen  from  the 
blood,  by  agents  introduced  into  and  circulat- 
ing in  it.  And  it  is  conceivable  that  it  may  be 
effected  with  or  without  injury  to  the  oxygen- 
carriers.  In  the  instance  of  CH4  there  would 
appear  to  be  no  harm  caused  by  its  presence 
in  the  blood.  But  in  the  case  of  CO,  by 
virtue  of  its  combination  with  haemoglobin, 
there  is  a tendency  to  the  destruction  of  the 
oxygen-carriers,  and  consequently  to  a shortage 
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in  the  general  supply  of  oxygen  to  the  tissues. 
The  agent  causing  the  abstraction  of  oxygen 
may,  however,  exert  a different  kind  of  effect 
on  the  coloured  corpuscles,  or  if  the  same,  it 
may  produce  it  less  rapidly  than  CO ; thus 
the  degree  of  the  intensity  of  its  action  may 
be  so  limited  as  to  cause  no  other  disturbance 
in  the  constitution  of  the  blood  than  that  of 
the  removal  of  a certain  amount  of  its  oxygen. 

CHC13  and  ether  are  typical  examples  of  a 
group  of  agents  which  possess  the  power  of 
abstracting  oxygen  without  otherwise  injur- 
ing the  blood.  All  the  members  of  it  derive 
either  from  a CH3  or  C2  H5  base.  The  dens- 
ity, and  consequently  the  diffusibility,  of  their 
vapours  varies  : thus  ether-vapour  is  compara- 
tively light,  while  that  of  methylene  bichloride 
is  comparatively  heavy,  a circumstance  which 
has  to  be  considered  in  relation  to  the  initial 
motor-power  of  the  respiratory  machine.  But 
all  of  them  are  characterised  by  the  decom- 
position which  they  undergo  in  the  presence 
of  pure  oxygen,  and  it  would  appear  that  the 
products  of  their  oxidation  are  inert.  And  from 
the  fact  that  the  action  of  ether  is  accompanied 
by  a higher  degree  of  respiratory  acceleration 
than  that  of  its  allies,  the  inference  may  be 
drawn  that  the  rate  of  its  oxidation  is  more 
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rapid — i.e.,  it  is  more  easily  oxidised  than,  e.g., 

CHCI3. 

The  phenomena  that  accompany  the  action 
of  all  these  agents  are  traced  to  — OXy  as  their 
intermediate  cause,  with  the  single  exception  of 
the  discoloration  of  the  blood,  which  is  the 
direct  result  of  the  agent.  And  the  explanation 
of  the  differences  that  may  appear  in  the  course 
of  their  operation  are  referred,  on  the  one  hand, 
to  their  local  influence  on  the  action  of  the 
respiratory  machine,  and  on  the  other  to  dif- 
ferences of  quantity  in  the  blood.  It  will  be 
essential,  therefore,  to  isolate  the  circumstances 
in  which  the  blood  is  being  deoxygenated  by 
any  particular  agent. 

Unconsciousness  may  be  induced  by  the  in- 
direct action  of  agents  which  enter  the  blood, 
either  from  absorption  by  mucous  membranes 
or  directly  from  a wound.  And  it  would 
appear  that  in  default  of  its  excretion,  the 
only  means  that  nature  provides  to  counteract, 
and  in  favourable  circumstances  to  destroy,  the 
prejudicial  influence  of  an  agent  in  the  blood 
is  oxidation.  But  there  is  no  likeness  with 
regard  to  chemical  structure  between  opium, 
chloral,  KBr  and  C2  H5  OH.  They  all  agree, 
however,  in  this — viz.,  that  they  are  oxidised  by 
pure  oxygen.  Some  of  them — e.g.,  opium  and 
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alcohol — exercise  a particular  local  effect  on  the 
arteries  of  the  mucous  membrane,  tending  to 
constrict  them.  And  this  factor,  in  conjunc- 
tion with  the  quantity  of  the  contents  of  the 
stomach,  where  absorption  is  effected  by  means 
of  that  organ,  is  to  be  considered  in  estimating 
the  rapidity  with  which  they  enter  into  the  cir- 
culation. It  has  already  been  shown  that  the 
density  of  a vapour  which  is  capable  of  being 
absorbed  by  the  alveoli  acts  as  a check  to  the 
rate  of  its  absorption  into  the  blood,  and  thus 
tends  to  prevent  the  accumulation  of  an  undue 
amount  of  it  in  the  circulation.  So,  in  the 
instance  of  opium  ; its  local  action  is  the  means 
whereby  the  rate  of  its  introduction  into  the 
blood  is  diminished,  and  consequently  it  tends 
to  prevent  an  undue  and  rapid  effect  upon  it. 
This  circumstance  may  explain  why  it  is  that 
the  pupil  remains  contracted  in  the  early  stages 
of  opium-narcosis.  But  eventually  it  becomes 
dilated  and  sluggish,  and  in  these  respects 
agrees  with  narcosis  caused  by  CHC13,  ether, 
and  alcohol.  But,  whatever  may  be  its  ulti- 
mate cause,  the  degree  of  narcosis  is  reduced 
by  accelerating  the  action  of  the  respiratory 
machine.  And  in  some  instances  in  which  an 
excessive  degree  of  narcosis  is  produced,  and 
which,  consequently,  present  a decline  of  the 
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power  of  that  machine,  artificial  respiration  will 
be  indicated  before  breathing  ceases,  in  order 
to  subserve  the  maximum  absorption  of  oxygen 
under  the  circumstances.  Thus,  in  the  case 
of  a child  aged  4,  who  was  subjected  to  an 
overdose  of  brandy,  with  a view  to  the  pre- 
vention of  sea-sickness,  artificial  respiration 
was,  lege  artis,  conducted  for  40  before  the  res- 
piratory muscles  manifested  the  ordinary  signs 
of  the  complete  recovery  of  their  function. 

Recovery  was  effected  in  this  example  of  nar- 
cosis by  the  artificial  introduction  of  oxygen. 
It  may  also  be  effected  in  opium  and  CHC13- 
narcosis,  and  will  be,  when  the  circumstances 
are  favourable,  by  the  same  means.  The  arrest 
of  the  action  of  the  respiratory  machine,  when 
it  occurs  as  the  terminal  link  in  the  chain  of 
the  phenomena  of  narcosis,  is  the  result  of  the 
exhaustion  of  the  respiratory  muscles.  In  regard 
to  vapours,  it  will  be  perceived  to  be  followed  by 
a salutary  tendency,  inasmuch  as  their  absorp- 
tion is  interrupted.  But  in  regard  to  agents 
that  are  absorbed  by  the  stomach,  the  object 
of  its  occurrence  does  not  appear  to  be  so 
evident. 

The  comparative  study  of  examples  of  narcosis 
leads  to  the  following  generalisation  : all  narcotic 
agents  are  oxidisable  and  cause  all  their  results 
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(direct  and  indirect)  by  abstracting  oxygen  from 
the  blood.  They  do  not  act  directly  upon  the 
cerebral  centres,  but  indirectly  through  the  inter- 
mediation of  the  — OXy-factor,  which,  it  would 
appear,  is  the  only  known  cause  of  the  sus- 
pension of  their  functions.  The  value  of  the 
oxygen  - carriers  as  forming  the  first  line  of 
defence  against  the  influence  of  foreign  agents 
circulating  in  the  blood  is  also  to  be  noted. 
Their  power  of  self-preservation  is  very  great. 
They  regulate  the  action  of  the  respiratory 
centre,  and  by  their  stimulant  effect  upon  it, 
a tendency  is  set  in  motion  to  recover  the 
oxygen  of  which  they  have  been  deprived. 
The  means  by  which  they  effect  it  is  a varia- 
tion of  the  proportion  of  oxygen  which  they 
contain.  Thus  the  condition  of  less  than  their 
normal  volume  of  oxygen  is  invariably  followed 
by  increased  frequency  of  respiration ; and  on 
the  contrary,  it  is  invariably  diminished  when 
the  amount  of  oxygen  is  increased,  and,  in 
favourable  circumstances,  temporarily  arrested, 
— relative  or  absolute  apnoea. 

The  introduction  of  the  +C02  factor  into 
the  causation  of  respiratory  stimulation  appears, 
therefore,  to  be  the  consequence  of  an  erroneous 
inference.  The  blood  in  the  veins  of  the  body 
is  black  and  thin,  and  is  known  to  contain  a large 
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proportion  of  C02.  But,  because  the  arterial 
blood  undergoes  an  analogous  change  of  colour 
it  cannot  be  inferred  with  certainty  that  it  con- 
tains, in  its  altered  state,  more  than  the  normal 
amount  of  C02 — if  it  contains  any  at  all — for 
the  reason  that  discoloration  of  the  blood  can 
be  effected  without  its  presence.  The  mistake 
arises,  first,  in  inferring  the  wrong  cause  of  a 
phenomenon — i.e.,  that  +C02  causes  discolora- 
tion ; and  secondly,  in  assuming  that  it  exists 
in  deoxygenated  arterial  blood,  from  the  partial 
resemblance  which  the  latter  presents  to  venous 
blood. 

§ 98.  Causation  of  death  in  narcosis. — The  res- 
piratory centre  is  relatively  indestructible.  It  is 
stimulated  by  a diminishment  of  oxygen  in  the 
blood.  If,  then,  it  can  be  shown  that  no  agent 
associated  with  respiratory  stimulation  exists  but 
what  is  oxidisable,  it  will  follow  that  there  is 
only  one  mode  of  affecting  the  respiratory  centre 
through  the  blood,  and  that  by  a variation  of 
the  proportion  of  its  oxygen.  Consequently, 
the  action  of  respiratory  stimulants  will  be 
indirect. 

But  the  respiratory  machine  may  become  dis- 
abled in  one  or  more  of  its  component  parts. 
The  air-way  may  be  partially  obstructed,  either 
mechanically  or  by  the  presence  in  excess  of  a 
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heavy  vapour  in  it ; or  both  these  abnormal  con- 
ditions, becoming  causal  factors,  may  combine 
and  produce  respiratory  arrest.  The  lungs  may 
also  be  physiologically  congested,  and  when  that 
abnormal  condition  is  rapidly  induced,  it  will 
lead  to  arrest  of  the  action  of  the  respiratory 
machine.  But  the  condition  which  is  apt  to 
escape  the  proper  consideration  which  is  due 
to  it,  is  the  progressive  diminishment  of  the 
tone  of  the  respiratory  muscles  in  the  course 
of  narcosis.  For  it  is  precisely  this  factor  that 
determines  the  onset  of  respiratory  arrest.  The 
circumstances  in  which  the  motor -power  of 
the  respiratory  machine  becomes  enfeebled  and 
eventually  exhausted  are,  1,  the  performance  of 
more  than  the  ordinary  amount  of  work ; and, 
2,  shortage  not  only  of  the  quantity  of  blood 
supplying  the  respiratory  muscles,  but  also  of 
the  principal  ingredient  of  it,  in  so  far  as  it 
concerns  them — viz.,  of  oxygen. 

Because  the  respiratory  machine  is  disabled, 
or  inactive,  it  cannot  thence  be  properly  inferred 
that  the  condition  of  the  respiratory  centre  is 
abnormal,  in  the  sense  that  it  is  directly  affected 
by  the  action  of  the  narcotic  agent  in  use.  In 
these  circumstances,  however,  it  may  be  in  a 
condition  of  disturbance,  but  the  source  of  the 
disturbance  is  independent  of  the  agent. 
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The  respiratory  centre  is  inhibited  or  arrested 
by  the  act  of  volition.  And  voluntary  inhibited 
or  arrested  respiration  may  concur  with  an 
abnormal  condition  of  the  respiratory  machine, 
which  has  been  induced  by  the  agent.  Thus, 
there  may  be  an  excess  of  CHC13- vapour  in  the 
air-way  which  may  excite  voluntary  respiratory 
arrest,  during  which  unconsciousness  appears 
and  is  rapidly  followed  by  muscle-rigidity, — the 
consequence  of  the  rapid  diminution  of  the 
amount  of  oxygen  in  the  blood.  The  jaws 
being  fixed  and  the  base  of  the  tongue  dis- 
placed backwards,  mechanical  obstruction  re- 
sults, and  consequently  the  passage  of  air  from 
the  outside  to  the  alveoli  is  interrupted. 

But  the  respiratory  centre  is  also  inhibited  or 
arrested  by  the  abnormal  action  of  the  stomach. 
Stomachic  inhibition  of  the  action  of  the  respira- 
tory machine  may  occur  either  in  anaesthesia  or 
in  narcosis,  which  varies  in  degree.  And  it  may, 
in  addition,  be  accompanied  by  a respiratory  over 
dose,  which  may  be  either  relative  or  absolute. 
The  respiratory  machine  may  thus  present  either 
or  both  of  the  following  abnormal  conditions 
when  its  action  is  reduced  by  the  abnormal 
condition  of  the  stomach : i,  a variant  degree 
of  physiological  pulmonic  congestion ; and,  2,  a 
variant  degree  of  respiratory  overdose.  Both 
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are  causal  factors  in  the  production  of  respira- 
tory arrest. 

Functional  arrest  of  the  action  of  the  res- 
piratory machine,  at  the  end  of  a full  inspira- 
tion, is  the  necessary  antecedent  to  the  act  of 
vomiting.  But  a full  inspiration  will  be  pre- 
vented by  a respiratory  overdose,  or  by  pul- 
monic congestion.  If,  therefore,  either  of  these 
abnormal  conditions  be  present  when  the  ex- 
pulsion of  the  contents  of  the  stomach  is  about 
to  take  place,  it  will  oppose,  according  to  the 
degree  of  its  intensity,  a less  or  greater  resist- 
ance to  the  intake  of  air : consequently  the  ac- 
tion of  the  respiratory  machine  will  be  arrested 
at  some  stage  in  the  act  of  inspiration,  and  will 
continue  arrested  until  the  opposing  cause  is 
removed. 

The  heart  may  fail  from  some  inherent  defect, 
and  thus  be  the  cause  of  death.  But  fall  of 
blood  - pressure  is  antecedent  to  the  reduced 
action  of  the  heart  when  it  is  caused  by  reflex 
stimulation  of  the  vaso-motor  centre.  The  re- 
turn of  the  blood  from  the  portal  to  the  main 
circulation  is  through  the  lungs,  and  the  al- 
veolar circulation  is  determined  by  the  presence 
of  oxygen.  It  will  be  obvious,  therefore,  that 
all  interference  with  the  alveolar  circulation 
will  be  antagonistic  to  the  recovery  of  the 
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heart  from  the  condition  of  reduced  action, 
which  is  consequential  upon  primary  fall  of 
blood-pressure.  And  the'  causes  of  interference 
are  mechanical  obstruction  in  the  air-way,  res- 
piratory overdose,  and  physiological  pulmonic 
congestion. 

But  in  narcosis,  which  runs  its  course  uncom- 
plicated by  vaso-motor,  stomachic,  or  (primary) 
cardiac  disturbance,  the  ultimate  cause  of  death 
is  oxygen -starvation.  The  respiratory  muscles 
tend  to  become  exhausted,  and  their  failure  to 
act  forms  a proximate  cause : the  action  of  the 
heart  also  tends  to  fail,  and  cardiac  syncope, 
indirectly  induced  by  the  negative  action  of  the 
agent  when  in  the  form  of  vapour,  becomes  the 
intermediary  means  of  the  causation  of  death. 
The  question  which  fails  first,  the  heart  or  the 
action  of  the  respiratory  machine,  will  be  de- 
cided by  the  initial  condition  of  the  former. 
If  the  heart  be  abnormal,  and,  in  consequence, 
less  able  than  normally  to  withstand  increased 
pressure  in  its  right  ventricle,  it  will  fail  before 
the  respiration.  But  if  the  heart  be  normal, 
the  action  of  the  respiratory  machine  will 
cease  before  the  pulse  disappears,  because  the 
power  of  resistance  possessed  by  the  respira- 
tory muscles  is  known  to  be  less  than  that 
of  the  heart.  (§  82,  p.  109.) 
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§ gg.  Scheme  of  the  results  of  CH Cl?- action. 


The  following  diagrams  will  serve  to  indicate 
the  different  origins  of  respiratory  arrest  and 
pulse-failure  (excluding  primary  cardiac  syncope) 
occurring  during  CHCl3-administration,  as  also 
to  elucidate  their  causation. 

2.  CHCl3-anaesthesia : — 
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3.  CHCl3-narcosis : — 
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4.  Respiratory  overdose  of  CHClg : — 


— Oxy. -blood  (discoloured) 

Neg.  uncounteracted 


Pulm.cong. 

I 

Distension 
rt.  vent. 


Venous  + Tension 
distension  followed  by 
thready 
pulse 

CHCl3-action 


Physical 

not  counteracted 
and  not  limited 


R.  M.  gradual  or 
rapid  decline  of 
action 

I 

Accompanied 
by  expansion 
of  chest 


Physiological 

-°4~d{2KU 


R.  C.  C.  C.  Muscles 


§ 100.  Scheme  of  the  action  of  those  agents  which 
severally  may  complicate  that  of  CHCl3. 
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2.  Abnormal  stomachic  action. 

(a)  Reflex  or  functional  arrest  of  the  activity 
of  the  respiratory  centre  : — 
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( b ) Stomachic  inhibition  of  the  activity  of  the 
respiratory  centre : — 
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3.  Reflex  stimulation  of  the  vaso  - motor 
centre. 

(a)  Severe  degree  of — 
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Aeration,  causes  affecting,  58. 

Air-way,  transit  of  pus  through, 
during  anaesthesia,  25  ; im- 
portance of  maintaining  pa- 
tency of,  in  complications, 
196. 

Alveolar  circulation  obstructed, 
126. 

Anaesthesia,  induction  of,  with- 
out complication,  18,  72 ; 

amount  of  CHC13  needed  to 
produce,  271. 

Analysis,  data  concerned  in,  89. 

Arrest  of  the  action  of  the  res- 
piratory machine,  sudden,  85 ; 
rapid,  87  ; complex,  114  ; one 
group  of,  indirectly  related  to 
the  physiological  action  of 
CHCI3,  107. 

Artificial  respiration,  end-object 
of,  36;  conduct  of,  1 1 9. 

Atmosphere,  CHCl3-air,  56. 


Blood,  discoloured  in  narcosis, 
92  ; re -oxygenation  of,  102  ; 
relation  of  the  physiological 
action  of  CHC13  and,  § 94, 
p.  244  ; resistance  opposed 
by,  to  the  action  of  CHC13, 
248  ; different  rates  of,  253 ; 
CHC13  acts  directly  on,  254  ; 
experimental  investigation  on, 


with  CHC13- vapour,  § 96,  p. 
256  ; CHC13  abstracts  oxygen 
from  the,  268. 

Centres,  of  the  nervous  system — 
Cerebral,  abnormal  condition 
of,  stable,  unstable,  10 ; 
sensitive  to  variations  of 
CHC13  constituents  in 
CHCl3-air  atmosphere,  14  ; 
sensitive  to  variations  in 
the  proportion  of  oxygen  in 
mixed  atmosphere,  100 ; 
not  directly  affected  by 
action  of  CHC13,  253. 
Respiratory,  intimately  con- 
nected with  vaso  - motor, 
38-44 ; inhibited  action  of, 
39  ; not  directly  connected 
with  cardiac  function,  43  ; 
sympathetically  affected,  52; 
argument  against  direct 
action  of  CHC13  on,  162, 
167 ; cause  of  stimulation 
of,  273. 

Spinal,  not  directly  affected 
by  physiological  action  of 
CHC13,  186 ; actual  con- 
dition of,  determined  by 
inference,  193. 

Vaso  - motor,  reflex  stimula- 
tion of,  46,  88 ; compli- 
cated, 126 ; phenomena  of 
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vaso-motor  depression,  49, 

I95* 

CHCla,  and  physiological  action, 
41,  associated  with  stimula- 
tion of  the  respiratory  centre  ; 
isolation  of  phenomena  as- 
sociated with  physiological 
action,  62;  different  degrees 
of  action,  71  ; data  for  study 
of  narcotic  action,  91  ; degree 
of  narcosis,  measured  by,  95  ; 
reduced  by  air,  99 ; natural 
terminations  of,  105 ; nega- 
tive, 1 14;  ana;sthetic  action 
of,  not  causally  associated 
with  fall  of  blood  - pressure, 
201  ; scheme  of  the  action 
of,  287,  289. 

Complications,  during  period  of 
induction,  22 ; frequency  of, 
81. 

Death,  causation  of,  in  narcosis, 
§ 98,  p.  282. 

Distension,  of  the  right  ven- 
tricle, the  result  of  the  nega- 
tive action  of  CHC13,  105, 
212;  venous,  a concomitant 
of  the  narcotic  action  of 
CHClg,  92. 

Emotional  state,  189;  danger- 
ous in  itself,  190. 

Expansion  of  the  chest,  from 
mechanical  obstruction,  178. 

Fall  of  blood -pressure,  associ- 
ated with  two  sets  of  phe- 
nomena, 61,  201  ; differ- 

entiating factor,  62,  205 ; 
analysis  of  causation  of,  125, 
210. 

Frequency  of  respiration,  in- 
crease in,  the  first  phenome- 
non to  appear  in  the  course 
of  CHC13- action,  74,  134; 
varying  with  varying  degrees 


of  CHCl3-action,  156;  com- 
plex origin,  165. 

Function  of  CHC13- hypothesis 
not  fulfilled,  169. 

Function  of  heart,  automatically 
adapted,  to  vaso-motor  de- 
pression, 48  ; to  alveolar  ob- 
struction, 105. 

Heart,  distension  of  right  ven- 
tricle, 36 ; reduced  action, 
conservation,  48 ; occurring 
under  different  conditions,  58, 
200  ; relation  between  physio- 
logical action  of  CHC13  and, 
§ 91,  p.  199 ; between  the 
physical  action  of  CHC13  and, 
207 ; between  the  negative 
action  of  CHC13  and,  208, 
212;  removal  of  antagonistic 
factor,  followed  by  rapid  re- 
covery of,  213. 

Inductive  investigation,  one  of 
the  objects  of,  the  isolation  of 
causes  acting  simultaneously 
with  but  independently  of 
CHCI3,  197. 

Iris,  evidence  of  loss  of  tone 
in  narcosis,  103 ; variation 
of  condition  of,  227 ; cause 
of  variation,  228 ; circular 
muscle,  237,  239. 

Law  of  diminishing  resistance, 
81,  249 ; fundamental  basis 
of,  251. 

Machine,  respiratory,  abnormal 
state  of,  prevents  manifesta- 
tion of  activity  of  respiratory 
centre,  163 ; action  of,  ob- 
structed, mechanically,  171  ; 
physically,  173;  inhibited, 
39;  arrested,  176. 

Mechanism,  of  the  act  of  vomit- 
ing) 31  ; of  the  dilatation  of 
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the  pupil,  228,  236 ; minus 
arterial  tension,  an  ultimate 
cause  of,  239,  242  ; depriva- 
tion of  oxygen  the  proximate 
cause,  243. 

Method,  the  graduated,  adapta- 
tion of  details  of,  to  varying 
conditions,  83. 

Muscle,  abnormal  condition  of, 
in  sensori-motor  reflex  action, 
193  5 collapse  of,  a concomi- 
tant of  vaso-motor  depression, 
196 ; relation  between  CHC13- 
action  and,  § 92,  p.  214. 

Muscle-rigidity,  related  to  nega- 
tive action  of  CHC13,  188. 

Muscle-sensitiveness,  to  dimin- 
ishment  of  oxygen,  100. 

Muscle-tone,  impairment  of,  79  ; 
indirect  result  of  physiologi- 
cal action  of  CHC13,  133  ; 
- OXy  the  cause  of  loss  of, 
219. 

Muscles  of  respiration,  deprived 
of  blood-supply,  197. 

Narcosis,  mixed,  23  ; CHC13-, 
89 ; differentiation  of  nega- 
tive and  physiological  actions 
in  CHC13-,  21 1 ; alcoholic, 
279- 

Narcotic  action,  safe  period  of, 
124. 

Obstruction,  mechanical,  23,  25, 
221. 

Oxygen,  two  spheres  of  opera- 
tion of  - OXy  atmosphere, 
92. 

Phenomenon,  fundamental,  the 
negative  and  physiological 
actions  of  CHC13  have  the 
same,  166. 

Pulmonic  congestion,  physio- 
logical, component  of  CHC13- 
narcosis,  92,  197 ; removed 


by  artificial  respiration,  198  ; 
degree  of,  a determinant  of 
the  length  of  the  period  of 
arrest,  id. 

Pulse,  factors  affecting,  6 ; fre- 
quency of,  not  constant  dur- 
ing CHC13- anaesthesia,  8; 
disappearance  of,  not  neces- 
sarily of  cardiac  origin,  128; 
circumstances  attending  its 
disappearance  not  uniform, 
202  ; condition  accompanying 
rapid  disappearance  of,  203  ; 
sudden  disappearance  of,  205  ; 
variations  of,  in  the  cause  of 
anaesthesia,  210. 

Pupil,  sluggishness  of  dilated, 
not  explained  by  negative 
action,  93 ; significance  of 
commencing  dilatation,  118; 
the  dilated  sluggish,  an  in- 
direct result  of  physiological 
action  of  CHC13,  133  ; re- 
lation of  the  physiological 
action  of  CHC13  and,  § 93, 
p.  219  ; contracted  in  CHC13- 
anaesthesia,  221. 

Reflex,  arrest  of  respiration,  160. 

Reflex  phenomena  mistaken  for 
voluntary,  12. 

Re -oxygenation,  different  rates 
of,  139- 

Respiratory  frequency,  factors 
affecting,  6. 

Results,  complex,  83,  143  ; 

prevalence  of  complex  during 
CHCl3-action,  84 ; evanescent 
nature  of,  136,  141,  254; 
analysis  of  complex  disap- 
pearance of  the  pulse,  208. 

Return  of  blood  to  main  circu- 
lation, delayed,  195. 

Return  to  consciousness,  three 
stages  in  the,  20,  55. 

Stomachic  disturbance,  indirect, 
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28 ; direct,  30  ; relation  to 
respiratory  centre,  37  ; inter- 
rupted, 32. 

Syncope,  primary,  43. 

Tissues,  living,  resistance  op- 
posed by,  246. 

Unconsciousness,  stability  of  the 
state  of,  9 ; kinds  and  degrees 
of,  11  ; indirect  result  of  the 


physiological  action  of  CHC13, 
133  ; the  consequence  of  de- 
oxygenation, 152. 

Vapours,  respirable,  and  the 
blood,  § 97,  p.  275. 

Variations  in  normal  CHC13- 
ansesthesia,  78. 

Volition,  a complicatory  causal 
factor  in  the  induction  of 
anaesthesia,  144,  154. 


THE  END. 
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